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ABSTRACT 

We present new multi-band (UBVI) time-series data of helium burning variables in the Carina dwarf 
spheroidal galaxy. The current sample includes 92 RR Lyrae-six of them are new identifications-and 20 
Anomalous Cepheids, one of which is new identification. The analysis of the Bailey diagram shows that the lu¬ 
minosity amplitude of the first overtone component in double-mode variables is located along the long-period 
tail of regular first overtone variables, while the fundamental component is located along the short-period tale of 
regular fundamental variables. This evidence further supports the transitional nature of these objects. Moreover, 
the distribution of Carina double-mode variables in the Petersen diagram (Pi/Po vs Po) is similar to metal-poor 
globulars (M15, M68), to the dwarf spheroidal Draco and to the Galactic Halo. This suggests that the Carina old 
stellar population is metal-po or and affected by a s mall spread in metallicity. We use trigonometric parallaxes 
for five field RR Lyrae stars (iBenedict et al.ll20111) to provide an independent estimate of the Carina distance 
using the observed reddening free Period-Wesenheit [PW, (BV)] relation. Theory and observations indicate 
that this diagnostic is independent of metallicity. We found a true distance modulus of /t=20.01+0.02 (standard 
error of the mean) ±0.05 (standard deviation) mag. We also provided independent estimates of the Carina true 
distance modulus using four predicted PW relations {BV, BI, VI, BVI) and we found: //=(20.08+0.007+0.07) 
mag, p=(20.06±0.006±0.06) mag, ju=(20.07+0.008+0.08) mag and p=(20.06±0.006±0.06) mag. Finally, we 
identified more than 100 new SX Phoenicis stars that together with those already known in the literature (340) 
make Carina a fundamental laboratory to constrain the evolutionary and pulsation properties of these transi¬ 
tional variables. 

Subject headings: galaxies: individual (Carina) Local Group stars: distances stars: oscillations stars: vari¬ 
ables: RR Lyrae 


1. INTRODUCTION 

Dwarf galaxies play a crucial role in several astrophysical 
and cosmological problems. They outnumber giant stellar 
systems in the nearby universe and at low redshift (see e.g. 
iMateo et'ini 19981: lMcConnachiell20f^ . but it seems that the 
number is steadily decreasin g at large redshifts (iBaldrv et alJ 
120121: iMortlock et al.l l2013h . The cuiTent empirical evi¬ 
dence indicates that the luminosity function does not peak 
at lo w-surface brightnes s systems at redsh ifts larger than 
z=2 (IWeinzirl et alfcoill : iBauer et^l201 Ih . It is clear that 
in this context the age distribution of the old stellar popu- 
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lations in nearby dwarf galaxies plays a cruc ial role in con¬ 
strain ing their early formation and evolution jSalvadori et al.l 
I2Q1QI) . Current empirical evidence indicates that both early- 
and late-type dwarf galaxies host stellar populations older 
than 10 Gyr. This evidence applies not only t o ICIQ, the 
Local Group prototype of star forming galaxies (ISanna et al.l 
l2QQ9b , but also to the recently di s cover e d Ultra Faint Dwarf 
(UFD) galaxies jPairOra et alJ l2QQd iKuehn et alJ 


2QQ8I 


2QQ9I 


DairOraetal. 2012 

Musella et al.l 2012 

; Clementini et al.l 

20121 iGarofalo et al. 

120131 iFabrizio et al.l 

2014h. Moreover, 


the comparison between old stellar populations in nearby 
dwarfs and Galactic Globular clusters does not show, at fixed 
metal cont ent, any striking difference concerning the age dis- 
tribution (iMonelli et al.l uQQ3l; ICole et aP |2QQ7[ iBono et ^ 

IMoh . 


The above empirical evidence suggests that low-mass dark 
matter halos started a ssembling baryons at about the same 
time as the giant hal os (ISpringel et al.l20()5l:lBauer et al.l20in: 
[Duncan et al.ll2014b . Detailed constraints on the formation of 
these systems require detailed investigations into their star- 
formation histories. However, this approach needs deep and 
accurate color-magnitude diagrams (CMDs) down to limiting 
magnitudes fainter t han the main-sequence turnoff of the ol d 
stellar populations (iGallart et al.ll2005t IMonelli et al.ll201^ . 
In this context variable stars play a crucial role, since they 
can be easily identified. Moreover, they cover a broad range 
in age, from a fe w hundred Myr for Classical Cepheids (e.g. 
Bono_et_^l2p p5|) to a few Gyr for Anomalous Cepheids (e.g. 
Caputol T9981 iMarconi et al.ll2004l) to ages older tha n 10 Gyr 
for the RR Lyrae stars (e.g. ICastellani et^ll991l) . How¬ 
ever, for classical Cepheids we have evidence of tight correla- 
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tion betwee n pulsation and evolutionary age (iMatsunaga et alJ 
l201lLl20r3h . The same outcome does not apply, as noted by 
the referee, to the other quoted variables. This means that for 
RR Lyrae st ars we can only pr ovide a lower limit to their indi¬ 
vidual ages (iBono et al.ll2011h . while for anomalous Cepheids 
we can only provide an age interval. 

The latter two groups have several distinctive features that 
make them solid stellar tracers in resolved dwarf spheroidal 
galaxies. Empirical evidence indicates that all the dSphs 
that have been searched for evolved helium burning variable 
stars host RR Lyrae stars (hereinafter RRLs). It is worth 
mentioning that they have been identified in all stellar sys¬ 
tems hosting a stellar population older than 10 Gyr and an 
intermediate horizontal branch (HB) morphology, i.e., sys¬ 
tems in which the mass distribution along the HB covers the 
RRL instability strip. The stellar systems with ages younger 
than 10 Gyr typically display G alactic thin disk kinemat¬ 
ics (iBlanco-Cuaresma et akluMsh . This means that we still 
lack solid empirical ev idence of RR Lyr ae belonging to old 
thin disk open clusters (iBono et al.ll201 Ih . On the other hand. 
Anomalous Cepheids (hereinafter AC) have been identified 
in stellar systems more metal-poor than about [Le/H]=-1.6 
dex. Theoretical predictions indicate that helium burning se¬ 
quence of intermediate-mass stars more metal-rich than the 
above limit do not cross the so-called Cepheid instability strip 

dStetson et alJl201^ICastellani & degl’InnocentiilOOSl) . 

It goes without saying that the comparison of pulsa¬ 
tion and evolutionary properties of evolved helium burning- 
variables in near by stellar systems allows us to constrain their 
early formation jLiorentin o et al.llT 012t iCoppola et al.ll2013l : 

IStetson et al.ll2014al;lLiorentino et al.ll2015h . The Carina dSph 

is a very interesting laboratory for investigating the above is¬ 
sues. In a previous investigation we compared the period dis¬ 
tribution of the central helium burning variable stars in Carina 
with similar distributions in nearby dSphs and in the Large 
Magellanic Cloud and we found that the old stellar popula¬ 
tions in these systems share similar properties (ICoppola et alJ 
120131 hereinafter. Paper VI). On the other hand, the period 
distribution and the Bailey diagram (luminosity amplitude vs 
period) of ACs show significant differences among the above 
stellar systems. This evidence suggested that the properties 
of intermediate-age stellar populations might be affected both 
by environmental effects and structural parameters. 

In this investigation we move towards a complete census of 
helium-burning variable stars. The structure of the paper is 
the following. In § 2 we present in detail the adopted pho¬ 
tometric data set together with the light curves of both RRLs 
and ACs and their pulsation properties. In § 3 we discuss the 
properties of RRLs and ACs using the Bailey diagram and 
the Petersen diagram (period ratio vs period). We focussed 
our attention on the position of double mode variables and on 
the sensitivity of the period ratio on the iron abundance. In 
§ 4 we use the optical Period-Wesenheit-Metallicity (PWZ) 
relation of RRLs to estimate the Carina true distance modu¬ 
lus. To constrain the possible occurrence of systematic errors 
we estimated the Carina distance using the five field RRLs 
for which are available accurate estimates of their trigonomet¬ 
ric parallaxes. Independent distance determinations were also 
provided using predicted optical PWZ relations. In § 5 we 
present preliminary results about SX Phoenicis variables. Li- 
nally, in § 6 we summarize the results of this investigation and 
briefly outline the future development of the Carina project. 

2. PHOTOMETRIC DATA 


The photometric catalog adopted in this investigation is a n 
extension of the data set discussed by ICoppola et alJ (l2013h . 
This included 4,474 CCD images in the UBVRI photometric 
bands obtained with the CTIO 4m and 1.5m telescopes, the 
ESO 3.6m NTT, the MPI/ESO 2.2m telescope, and the 8m 
ESO VLT during the period 1992 December through 2008 
September. Here we add 2,028 CCD images in the same 
photometric bands obtained with the same telescopes (see Ta¬ 
ble [T]|. In the current analysis, the R-band data were not in¬ 
cluded because the number of measurements is limited and 
they do not provide a good coverage of the pulsation cycle. 
The seeing had a median value of 1"0, and ranged from 0"8 
(10-percentile) and 0"9 (25-percentile) to 1"3 (75-percentile) 
and 1"6 (90-percentile). The reader interested in a detailed 
discussion of the photometric methodology, the absolute pho¬ 
tometric calibration, the identification of the variable stars and 
a nalysis of the time se ries data is referred to Paper VI and 
to lStetson et all (l2014ah . 

Th e list of variab le stars begins with that 
from [Pair Ora et alJ (l2003h fh ereinafter D03), who merged 
the prior lists of ISaha et al.l (Il986l) . and performed their 
own comprehensive investigation of the resulting set of 92 
candidate variable stars. This existing star list has been 
augmented by our own search for new variables within the 
new, expanded set of 6,992 optical images of Carina. In 
particular, we have identified 92 RRLs. Among them 12 
pulsate in the first-overtone (LO, RRc), 63 in the fundamental 
mode (L, RRai), nine double-mode pulsator (RR;/) and eight 
candidate Blazhko variables (Bl). We also identified 20 
ACs, two long-period variables (LPV) and 10 geometrical 
variables (eclipsing binaries, LB, and W Uma). The main 
difference between the current set of variable stars and those 
discussed in Paper VI is that we have identified 16 new 
variables. Among them 6 are RRLs, one AC, seven EBs and 
two probable LPVs. Moreover, in Paper VI we discovered 14 
new variables, but by using the new data set, we conhrm that 
only nine of these are new identifications (see Appendix for 
details). 

Recently IVivas & Mateol (1201 3h (hereinafter VM13) per¬ 
formed a detailed investigation of pulsating stars in Carina. 
They found 38 RRLs, ten AC variables and more than 340 
new SX Phoenicis (SX Phe). Among them 36 (30 RRLs and 
six ACs) are in common with D03 and 41 (32 RRLs, seven 
ACs, two EBs) with our new catalog. The nine stars listed 
by VM13 which do not appear in our catalog are listed in Ta- 
ble|7] These variables were not been included in the following 
analysis of RRLs pulsation properti es si nce they are located 
beyond the Carina tidal radius (see § l3.1l for a detailed discus¬ 
sion). Concerning SX Phe stars, we confirm the variability 
for 324 out of 340 known pulsators in Carina and we identi¬ 
fied 101 new variables of this class (see § 5 for details ). 

In the hrst column of Table |2] we hnd the identihcation 
number according to S86 and D03. Eor the newly detected 
variables in this paper and in Paper VI (208-237) the D03 
running number was continued and these stars also marked 
with an asterisk in this same table. Columns (2) and (3) list 
a and 6 (J2000.0) coordinates in units of (hh : mm : ss) and 
{dd : mm : ii), respectiveljQ while the last five columns 
give S86, D03, VM13, Paper VI and current individual notes. 
Candidate variable stars for which we could not conhrm the 
variability are given in Table [3] 

The current data set included the BV images adopted by 

The astrometry is on the system of the USNO-A2.0 catalog. 
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D03 in their investigation of Carina’s variable stars. We con¬ 
firm their variability analysis and their variable star classifica¬ 
tion with only a few exceptions. According to our extended 
data set the variables V161 does not show clear sign of vari¬ 
ability. The variable V17 appears to be an EB variable; while 
the variables V22 and V176 seem to pulsate in the fundamen¬ 
tal (RRfli) instead of in the first overtone (RR^-) mode. The 
variables V31, V61, V77, VI26, VI27 and V206 were also 
classified by D03 as RRai variables and according to our new 
data they also show the Blazhko effect. Moreover, the variable 
V74 was classified by D03 as RR^ variable, but according to 
our new data it is classified as a double-mode pulsator. A 
more detailed analysis of individual variables is given in the 
Appendix. 

The individual UBVI measu rem ents for all the variables in 
our sample are listed in Table I3B For every variable in our 
sample the Table gives in the first three columns the Heliocen¬ 
tric Julian Date (HJD), the t/-band magnitude and the photo¬ 
metric error. Columns from (4) to (12) give the same informa¬ 
tion, but for the B-, V-, and /-band measurements. The total 
number of phase points in the complete data set depends on 
the photometric band, and they range from 1 to 23 (t/), from 
22 to 203 (B), from 38 to 278 (V) and from 3 to 92 (/). The 
coverage of the pulsation cycle is optimal in the B and in the 
V band, modest in the / band and poor in the U band. The 
photometric error of individual measurements depends on the 
photometric band and on seeing conditions. It is also occa¬ 
sionally affected by crowding conditions, but it is on average 
of the order of 0.02 mag. 

Period searches and the phasing of light curves were per - 
formed using the procedure adopted bv IStetson et al.l (l20141j) . 
for the galactic Globular Cluster M4. The large time baseline 
(~20 years) covered by our data set allowed us to overcome 
half- and one-day alias ambiguities that can be quite severe in 
data sets covering limited time intervals. The large time inter¬ 
val covered by the current data set allowed us to provide more 
precise periods, epochs of maximum light and luminosity am¬ 
plitudes for the entire set of variable stars. In particular, the 
accuracy of the period estimates is related to the period itself 
and to the time interval covered by the observations. They 
range from (1x10^*) to (1x10^^) days. 

The mean optical magnitudes and the amplitudes in the 
bands with good time sampling (B,V) were estimated from 
fits with a spline under tension. 

We already mentioned that the time sampling of both the 
U- and /-band light curves is either modest or poor. This 
means less accurate mean magnitudes and luminosity am¬ 
plitudes. To overcome this problem we adopted for the /- 
band l ight curves the method described bv iDi Criscienzo et all 
(1201 111 based on using the V-band light curve as a template 
and re-scaling the same measurements in amplitude to fit the 
/-band light curves. To accomplish this goal we adopted 
a visual-to-/-band amplitude ratio of 1.58 + 0.03, obtained 
bv iDi Criscienzo et al.l (1201 Ih using the literature V and / light 
curves of 130 RRLs with good light curve parameters selected 
from different Galactic globular clusters. 

The //-band light curves for several variables are poorly 
sampled, and often there is no coverage across minimum 
and/or maximum light. In those cases, we adopted as mean 
magnitude the median of measurements and we do not pro¬ 
vide luminosity amplitudes. 

The Table is presented in its entirety in the electronic edition of the 
paper. 


Table |5] lists from left to right for every variable in the cur¬ 
rent data set the identification, the classification, the epoch 
of maximum light, the period (days), the intensity-averaged 
[< U >,< B >,< V >,</ >] mean magnitudes and the 
A(U), A{B), A(y), A(/) luminosity amplitudes. For some 
variables the light curves are poorly sampled, and as explained 
above for the U band, we adopted as mean magnitude the 
median of measurements and do not provide luminosity am¬ 
plitudes. Note that for RRj variables the same observables 
and the period ratios, PolP\, are listed in Table |6] For these 
stars we did not perform the analysis of pulsational parame¬ 
ters in the //-band, because the //-band light curves are not 
well sampled. 

Figure [T] and |2] show the instability strip and a zoom of 
the position of RRLs in the V, (B - V) CMD, respectively. 
Red and green circles display fundamental and first-overtone 
RRLs. Orange triangles and gray circles mark double-mode 
pulsators and candidate Blazhko RRLs, while cyan symbols 
show the location of AC variable stars. Yellow and blue 
squares represent RGB and LPV variables, while black stars 
display the locations of the EBs (see Table |2]l. Finally, 
magenta and black pentagons show the RRLs and ACs in 
the catalog of VMC13 and not in common with our cata¬ 
log. Blue and red lines display the theoretical instability 
strip (IS) boundaries predicted by radial nonlinear co nvec- 
tive pu lsation models for A Cs (iFiorentino et al.l l2006h and 
RRLs (iMarconi et al.l l20T5l hereinafter M2015). Theoreti¬ 
cal predictions were computed assuming a metal abundance 
of Z^O.OOOl (ACs) and of Z=0.001 (RRLs). Theory was 
transformed into the observational plane using the bolomet- 
ric corrections and the color-temperature relations provided 
by ICardelli et alJ (Il989h . We also ad opted a true distance 
modulus of /j. — (20.09 + 0.07) mag (ICoppola et aT 12013h 
and a reddening of E(B-y)=0.03 (iMonelli et alJl2003 ). The 
agreement between theory and observations appears, within 
the errors, quite good both for RRLs and ACs. In the above 
Figures the two bright RRai, stars (V158, V182) were defined 
as peculiar RRLs in Paper VI. We also note the presence of 
two RRfli (V170, V227) that appear anomalously blue. These 
stars have poorly sampled light curves and uncertain pulsa¬ 
tional parameters. In particular, the number of measurements 
we have for the variable V170 is too small to fit the light curve 
and to estimate the luminosity amplitude (see Appendix for 
details). These four stars are labelled and marked in Figure|2 
with blue crosses. 

Moreover, we identified 101 new SX Phe. Their pulsation 
properties, their light curves and their position in the V, {B-V) 
CMD are discussed in § 5. 

3. PULSATION PROPERTIES 

Figure[3shows the BVI light curves for a fundamental (left) 
and first overtone (middle) RRLs plus an ACs (right). The 
different data sets were plotted with different colors. The light 
curves of RRj variables are plotted in Figures|4] The complete 
atlas of light curves, including the //-band data, is available in 
the online edition of the paper. 

3.1. Bailey Diagram 

The left panels of Figure |5] display the Bailey diagram— 
amplitude vs period—for RRLs. From top to bottom the 
different panels show amplitudes in the B (top), V (mid¬ 
dle) and I (bottom) bands. The Bailey diagram is a very 
good diagnostic to split fundamental and first overtones. 
The transition period between low-amplitude, short-period 
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RR(. and large-amplitude, long-period RRai is located around 
logP—0.35/-0.30 (P ~ 0.45 - 0.5 days). The RR^,/, dis¬ 
play a steady decrease in amplitude when moving toward 
longer p eriods. On the o ther hand, the RRr show a “bell- 
shaped” (iBono et al.l 19971) or a “hairpin” (iKunder et al.l2013l) 
distribution. The Bailey diagram is also us ed to constrain the 
OosterhofF class (see, e.g. lBono et al.llT99^ of stellar systems 
hosting sizable samples of RRLs. The middle panel shows 
the comparison between RR„;, in the V-band with the empir¬ 
ical relations provided by IClement & SheltonI (1 19991 dashed 
lines) and bv ICacciari et al.l (l2005l black solid line). The for¬ 
mer relations are based on both Ool and OoII GCs, while the 
latter are only for Ool GCs. The comparison indicates that 
Carina can be classified either as an Ool or as an Oosterhoff 
intermediate system, since for periods longer than logP>-0.2 
there is a group of RRa^ that, at fixed period, attains larger lu¬ 
minosity amplitudes. On the other hand, the amplitude s typ¬ 
ical of RRf. variables in OoII GCs (iKunder et al.ll201^ blue 
solid line) agree quite well the current data. 

In Paper VI we classified Carina, on the basis of the mean 
period of fundamentalized RRLs, as an OoII system. Indeed, 
we found < Prr >- 0.60 + 0.01 days (cr=0.07). Including 
the new discovered RRa* variables we find that the mean pe¬ 
riod of fundamental RRLs is < >= 0.637 + 0.006 days 

(cr=0.05). This estimate suggests that Carina is closer to an 
OoII stellar systems, since OoII GCs show mean fundamen¬ 
tal periods of < P > ~ 0.65 days, while the Ool GCs show 
shorter periods, namely < P > ~ 0.55 days. We have also 
computed the ratio between the number of RR^ and the total 
number of RRLs, and we found NdiNab + Nc) ~ 0.14, i.e., a 
fraction of RR^. variables that is more typical of Ool (~ 17%) 
than OoII (~ 44%) GCs. The above evidence indicates that the 
Oosterhoff classification of Carina depends on the adopted di¬ 
agnostic. This means that the Oosterhoff classification should 
be cautiously treated, since it depends on the adopted diag¬ 
nostic on the completeness and size of the RRL sample and 
on the morphology of the Horizontal Branch (iFiorentino et alJ 

IMl. 

The data plotted in Figure |5] also show mixed-mode pul- 
sators, the so-called RR^ variables. These are radial variables 
oscillating simultaneously in at least two different pulsation 
modes. The RR^ typically oscillate in the first overtone and 
in the fundamental mode, a nd the forme r mode is usually 
stronger than the latter (e.g. ISmithll2006h . but there are ex¬ 
ceptions (IClementini et aljf2004ll . On the other hand. Classi¬ 
cal Cepheids display a wide range of mixed -mode pulsators 
among the overtones and fun damental mode (ISoszvnski et al.l 
l2008t l^szvnski et alJl201^ . suggesting that surface grav¬ 
ity and effective temperature might play fundamental roles 
in driving the occurrence of such a phenomenon. Figure |6] 
shows the comparison in the Bailey diagram between the cur¬ 
rent observations and predicted amplitudes. Pulsation pre¬ 
scriptions rely on a large set of RRL models recently pro¬ 
vided by M2015. The black solid and dotted lines display pre¬ 
dicted amplitudes for the sequence of metal-poor (Z=0.0001, 
Y=0.245) models constructed by assuming a stellar mass of 
0.80 Mq and two different luminosity levels. The black solid 
line shows predictions for the Zero-Age-Horizontal-Branch 
(ZAHB) luminosity level (log(L/Lo)=l -76), while the dotted 
line for a brighter luminosity level (log(L/Lo)=L86). The 
purple lines display the same predictions, but for a slightly 
more metal-rich chemical composition (Z=0.0003, Y=0.245; 
M=0.716 Mo, log(L/Lo)=l-72 and 1.82 ). 

The predicted amplitudes appear to be slightly larger, at 


hxed pulsation period, when compared with observations. 
This is a limit in the current theoretical framework, since 
the amplitudes are tightly correlated with the efficiency of 
convective transport. In passing we note that the compari¬ 
son between predicted and observed luminosity amplitudes is 
hampered by the current theoretical uncertainties in the treat¬ 
ment of the time dependent convective transp ort. We current 
adopt a mixing length parameter of q'=L 5 (see lMarconi et alJ 
1201 Ih . Larger value s cause a steady decrease in the lumi¬ 
nosity amplitude (see lDi Criscienzo et al.ll2()()4h . Indeed, ob¬ 
served amplitudes attain, at fixed period smaller amplitudes. 
This applies to both fundamental and first overtone variables. 
Moreover, we are assuming that observed light curves have 
a good sampling around the phases of minimum and maxi¬ 
mum light. However, the comparison shows two interesting 
features, i) The predicted amplitudes for FO pulsators shows 
a larger dependence on metal content than fundamental pul¬ 
sators. ii) The regular pulsators display, at fixed pulsation pe¬ 
riod, a small spread in amplitudes. The current predictions 
suggest that their evolutionary status is quite homogenous, 
since they appear to be located to the ZAHB luminosity level. 

Carina was previously known to host six RR,/ variables: 
VI1, V26, V89, VI92, VI98, V207 (D03), in the cuiTent anal¬ 
ysis we discovered other three double-mode pulsators: V74, 
V210 and V225. To further understand their nature, and in 
particular to properly define the location of RR^ pulsators in 
the Bailey diagram, we estimated both primary (hrst overtone) 
and secondary (fundamental) periods and decomposed their 
light curves. Indeed, the quality of the photometry allowed 
us to estimate not only the “global luminosity amplitude”, but 
also the amplitude of both fundamental (open orange trian¬ 
gles) and first overtone mode (filled orange triangles). Table|6] 
gives from left to right their periods, mean magnitudes and 
amplitudes in the BV7bands. To our knowledge this is the first 
time in which we can associate to the two modes of double¬ 
mode variables their individual luminosity amplitudes. The 
data plotted in the left panels of Figure |5] bring forward even 
to a cursory scrutiny that the primary components (first over¬ 
tone) are located in the long period tale (log P —0.4) of sin¬ 
gle mode hrst overtone variables. Moreover, the secondary 
components (fundamental) are located in the short period tale 
(logP —0.25) of single mode fundamental variables. This 
evidence is further supported by their mean colors. The mean 
color of RRf/ is systematically redder {B - y~0.33 mag) than 
the color range covered by RR^. variables (0.2 < B - V < 0.35 
mag) and systematically bluer than the typical color range of 
RR„i(, variables (0.3 < B - V < 0.5 mag). 

The pulsation and evolutionary status of the RR^ variables 
depends on their evolution ary direction and o n their position 
in the so-called OR region (iBono et al.lll997h . In this context 
it is worth mentioning that RRLs in dwarf spheroidal galaxies 
appear to lack H igh Amplitude Short Period (HASP) funda - 
mental variables (IStetson et alJ2014aHFiorentino et alJ2015h . 
thus resembling Ooste rhoff II globular clusters in the Milky 
Way (IBono et alJll997h . 

The occurrence of a good sample of RR^ variables in 
Carina seems to suggest that this region of the Bailey di¬ 
agram might be populated by mixed-mode variables. Ob¬ 
viously, the occurrence of RR,/ variables depends on the 
topology of the instability strip, but also on the evolution¬ 
ary properties (extent in temperature of the so-called blue 
hook) and, in particular, on the occurrence of the hystere¬ 
sis mechanism (lyan Albada & Bak edl 197 lb IBono et al1ll995l : 
IFiorentino et alJ 120151: iMarconi et alJ 120151) when moving 
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from more metal-poor to more metal-rich stellar structures. 

The Blazhko RRLs plotted in Figure |5] also appear to be 
located in a very narrow period range. No firm conclusion can 
be reached concerning the distribution in the Bailey diagram 
of Blazhko RRLs, since the sample size is quite limited and 
also because the Blazhko cycle is poorly sampled. 

The above findings further support the crucial role played 
by cluster and galactic RRLs to constrain the topology of the 
instability strip and to investigate the evolutionary and pulsa¬ 
tion status of exotic objects like RR,/ and Blazhko RRLs. 

The right panels of Figure|5]show the distribution of Carina 
ACs in the same Bailey diagrams as the RRLs. Their prop¬ 
erties have already been discussed in Paper VI. We confirm 
the separation at logP—0.1 between long-period and high- 
amplitude with short-period and low-amplitude ACs. In pass¬ 
ing we note that three out of the 20 ACs have periods around 
one day. Thus further supporting the need for data sets cover¬ 
ing large time intervals to remove the one-day alias. 

Note that in the current analysis of evolved variables we did 
not include the six RRLs (three RR^, three RRn,!,) and the three 
ACs recently detected by VM13 outside the tidal radius of Ca¬ 
rina. The reasons are the following. The three RR^ variables 
attain periods that are systematically shorter (-1.0 < logP < 
-0.25) that typical RR^. variables (see Table|7]i, but their mean 
B - V colors are typical of RRn/, variables. The same out¬ 
come applies to the three RRa/, variable, and indeed they are 
located in the short period range of fundamental pulsators, but 
their B - V colors are typical of objects located close to the 
red edge of the instability strip. Moreover, the newly iden¬ 
tified ACs have periods that are systematically shorter (-0.8 
< logP < -0.7) than the typical Carina ACs. 

3.2. Petersen diagram 

The top panel of Figure|7]displays the position of the Carina 
RRd variables in the Petersen diagram, i.e., the first-overtone- 
to-fundamental period ratio (Pi/Pq) versus the fundamental 
period. The data in this panel also show the comparison 
with RRd variables identified in Galactic globulars (see la¬ 
beled names) and in the Galactic field (Halo: blue squares; 
Bulge: small green circles). Table 0 gives from left to right 
the name of the stellar system, the number of RRd variables, 
the reference for the RRd data, the mean metallicity and the 
reference for the metallicity estimate. The data plotted in this 
figure display several interesting features. 

The period ratio shows a steady decrease when mov¬ 
ing from more metal-poor to more metal-rich systems (see 
also iBragaglia et al.l 1200 Ih . The largest values in the pe¬ 
riod ratio are attained in the Halo and in very metal-poor 
GCs, while the smallest in the Bulge. The trend with 
the metallicity was also suggested on both theoretical and 
empirical bases by ISoszvhski et al.l (1201 ll) and more re¬ 
cently by ISoszvhski et al.l (120141) . Note that the fraction 
of double-mode variables appears to be anti-correlated with 
the mean metal abundance, and indeed it increases from 
0.5% in the Bulge to 4% in the LMC and to 10% in the 
SMC (ISoszvhski et al.ll201 111 . The RR^ variables in Carina 
appear to follow a similar trend, since the current fraction is 
~10%. Two RR^/ variables (V192, V210) display period ra¬ 
tios that are systematically larger then period ratios in Galactic 
globulars, in dwarf galaxies and in the Bulge. In passing we 
note that one RR^ in M68 (V36) and two in M15 (V51, V53) 
display period ratios that systematically smaller than the bulk 
of RRrf variables. The referee suggested to constrain on more 
quantitative basis the difference. To avoid spurious fluctua¬ 


tions in the period range covered by the different data sets, 
we ranked the entire sample (398) as a function of the fun¬ 
damental period. Then we estimated the running average by 
using a box including the first 40 objects in the list. We es¬ 
timated the mean period ratio, the mean fundamental period 
and the standard deviations of this sub-sample. We estimated 
the same quantities by moving of one object in the ranked 
list until we took account of the last 40 objects in the sam¬ 
ple. We performed several tests changing both the number of 
objects included in the box and the number of stepping stars. 
The current finding are minimally affected by plausible vari¬ 
ations. We found that the quoted five RRj stars are located 
within 3cr of the mean. The current statistics is too limited 
to claim solid evidence of discrepancy. Note that we double 
checked the photometric quality and coverage of the above 
five objects and we found that they are similar to the other 
canonical RR^/stars. 

The period ratios display a larger spread when moving into 
the metal-poor regime (long fundamental periods). To de¬ 
fine the trend on a more quantitative basis we adopted sev¬ 
eral sets of nonlinear, convective pulsation models (M2015). 
The adopted chemical compositions are labeled. The new 
set of RRL models relies on the theo retical framework out - 
lined in iDi Criscienzo et al.l (12004ft and iMarconi et alJ (12011ft . 
but on new evolutionary prescriptions for low-m ass He burn¬ 
ing models provided by (iPietrinferni et alJ2004ft (BASTI data 
base, http://albione.oa-teramo.inaf.it). The pulsation predic¬ 
tions plotted in this panel cover the so-called OR region, i.e., 
the region in which RRLs show a stable limit cycle in both the 
fundamental and the first overtone mode. This region is lo¬ 
cated between the blue edge of the fundamental mode and the 
red edge of the first overtone. The comparison between the¬ 
ory and observations indicates that an increase in the luminos¬ 
ity (log L/Lo= 1.76, 1.86, dotted and dashed red lines) mainly 
causes, at fixed chemical composition (Z=0.0001) and stellar 
mass (M/Mo=0.85), a steady increase in the fundamental pe¬ 
riod, and in turn a decrease in the period ratio. Moreover, a 
decrease in stellar mass (M/Mo=0.80, solid red line) at fixed 
chemical composition and luminosity level (log L/Lo= 1.76) 
causes a systematic decrease in the period ratio and a moder¬ 
ate increase of the fundamental period. The above trends take 
account of a significant fraction of RR^/ pulsators located in 
metal-poor GCs and in Carina dSph. This indicates that RRj 
in Carina have a metallicity of the order of Z=0.0001 and a 
mean stellar mass close to 0.85Mo. The pulsation masses are 
slightly larger than predicted by evolutionary models, but are 
within the current empirical and theoretical uncertainties. 

The above findings further support the evidence that the old 
stellar component in Carina is quite metal-poor. This evidence 
is soundl y supported by recent pho tometric and spectros copic 
results bv iMonelli et al.l (12014ft and iFabrizio et alJ (12015ft sug¬ 
gesting a mean metal abundance for the old stellar component 
of [Fe/H]=(-2.13+0.03+0.28)dex. 

In this context it is worth mentioning that theoretical pre¬ 
dictions for more metal-rich pulsation models (see black lines 
and labeled values) provide a sound explanation of the steady 
decrease in the period ratio of Bulge RR^ variables, i.e., the 
stellar systems with the broader metallicity distribution. 

To further define the pulsation and evolutionary properties 
of Carina RR,/ variables, the bottom panel of Figure |7] shows 
the same Petersen diagram, but the comparison is now ex¬ 
tended to RR;/ in nearby dwarf spheroidals (Draco, Sculp¬ 
tor, Sagittarius), in dwarf irregulars (Large Magellanic Cloud, 
LMC; Small Magellanic Cloud, SMC) and in the Bulge. The 
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data plotted in this panel bring forward several interesting new 
findings. 

The range in period ratios covered by LMC RR^ is on av¬ 
erage larger (0.740 <P\IPq< 0.749) than the range of SMC 
RR,/ variables. This evidence supports spectroscopic mea¬ 
surements of LMC RRLs suggesting m etal abundances rang - 
ing from [Fe/H]= -2.12 to -0.27 dex (iGratton et al.l 120041 . 
The SMC RRrf cover a slightly narrower period ratio range 
(0.741 <P\IPq< 0.747 days) but according to recent stud¬ 
ies, and within current uncertaintie s affecting metallicity es¬ 
timates for RRLs in these systems (iHaschke et al.ll2()0 the 
metallicity spread for the old stellar populations in the two 
Clouds is similar. 

The location of RR^ of Carina and Draco is the same 
in the Petersen diagram. Indeed current spectroscopic esti¬ 
mates, based on medium resolution spectra, provide a very 
metal-poor iron abundance ([Fe/H]=-L92+0.01 dex, see Ta¬ 
ble |8]l also for Draco. The steady decrease in period ra¬ 
tio of RRrf in Sculptor is strongly supported by the recent 
spectroscopic measurements suggesting an iron abundance of 
[Fe/H]=-L68+0.01 dex (see Table |8]l. The empirical evi¬ 
dence concerning Sagittarius needs to be discussed in detail, 
because the periods and period ratios attain values that are on 
average smaller than for RR,/ in other dSphs. Spectroscopic 
estima tes based on high-resolution spectra by ICarretta et alJ 
suggest for Sagittarius a mean iron abundance, based 
on 27 RGs, of [Fe/H]=-0.62 and individual values ranging 
from -1.0 to above sola r. A smaller spread in iron abundance 
was also suggested by (iKunder & Chabo\^l2008h using RR 
Lyrae properties. The spread in period ratios and the range in 
fundamental periods (0.45 <P< 0.49 days) showed by Sagit¬ 
tarius RRLs soundly support the spectroscopic measurements 
and the similarity with LMC RRLs. This indicates that Sagit¬ 
tarius is a fundamental nearby laboratory to constrain the pul¬ 
sation properties of metal-rich RRL in gas poor systems. 

The RR(/ in the Bulge (small green circles) display a clear 
overdensity for Pn~0.46 d a ys. T his overdensity was ex¬ 
plained by ISoszvnski et al.l (1201 Ih as the relic of a former 
dwarf galaxy that was captured by the Milky Way. More re¬ 
cent investigations based on a larger sample (28 vs 16) indi¬ 
cates that they are distributed along a stream that crosses the 
Galactic bulge almost vertically. Note that the comparison 
with theoretical predictions suggests, for the above stellar sys¬ 
tem, a metal-intermediate chemical composition (Z=0.001- 
0 . 002 ). 

The RR^ also provide a unique opportunity to validate 
the current approach to fundamentalizing the first overtones. 
Whenever the sample of RRLs hosted in a stellar system is 
limited, fundamental and first overtone variables are treated 
as a single sample by transforming the periods of the first 
overtones into ’’equivalent” fundamental periods, using the re¬ 
lation \QgPf-\ogPfo + 0.127. This assumption dates back 
to almost half a centu ry and relies on the few RR.^ variables 
known at tha t time (ISandage et al.l 119811 ICox et all 119831 
iPetersenll991h . The above constant period shift is further sup¬ 
ported by the new theoretical scenario by M2015 and by the 
sizable sample of RR^ variables recently identified by large, 
dedicated photometric surveys. 

In passing we note that this issue is far from being an 
academic dispute, since the same fix is also used to im¬ 
prove the p recision of distan ce determinations based on 
both RRLs (iBraga et al.ll2015h and classical Cepheids (e.g. 
iMarengo et alj|2010l) . Figure [8] shows fundamental vs first 
overtone periods (Pq vs Pi) for the entire sample of RR^ plot¬ 


ted in Figure |7] The red line shows the fit to the empirical 
data. We found: 

Po = 0.0096-H 1.317* Pi; (1) 

The new estimate of both the slope and the zero-point 
soundly supports the old fix, and indeed the green line, show¬ 
ing the classical fix, agrees quite well with the new observa¬ 
tions. 

To further constrain the impact that the period ratios of 
RRrf variables have in constraining the pulsation properties 
of RRLs, we plotted in the same plane theoretical predictions 
for the ”OR” regions adopted in Figure|2l The black solid line 
was estimated by considering only models more metal-poor 
than Z=0.001, i.e., a metallicity range similar to the observed 
one. The agreement is quite good over the period range. In 
passing we also note that when moving to more metal-rich 
models (Z>0.001, blue circles) the period increase is signifi¬ 
cantly larger in the fundamental period than in the first over¬ 
tone one. We still lack firm empirical evidence for such ob¬ 
jects and it is not clear whether it is an observational bias or 
the consequence of an evolutionary property connected to the 
dependence of the HB morphology on the metal content. 

4. DISTANCE TO CARINA FROM OPTICAL PERIOD-WESENHEIT 
RELATIONS 

4.1. Carina distance determination based on the empirical 
PW BV relation 

One of the most important tools for deriving distances from 
pulsat ing stars is the so cal l ed Wesenheit relation (see for ex- 
ample lron den Berghll975l : lMadore^l982^ that is independent 
of reddening by definition, assuming that the ratio of total- 
to-selective absorption is fixed. This is a period-luminosity 
relation that includes a color term whose coefficient is the ra¬ 
tio between the total and the selective extinction coefficients. 
Figure |9] shows the observed PW relations and the empirical 
fit to the data (solid black lines) obtained by fundamentalizing 
the first overtone pulsators by using Equation[T] Dashed lines 
depict the dispersion of the above inferred relations. Results 
of these fits are listed in Table |9] where the zero-points, the 
slopes and the dispersions of the relations are reported in the 
first three columns, respectively. In the fit determination we 
excluded stars outside 3cr of the inferred empirical BV We¬ 
senheit relation. These stars are the two peculiar pulsators 
V158 and V182 and the stars V170 and V171 for which we 
have uncertain parameters (red open symbols). 

Thanks to the use of t he Fin e Guidance Sensor on board 
the HST, [Benedict et al.l (1201 Ih provided accurate estimates 
of the trigonometric parallaxes for five field RRLs: SU Dra, 
XZ Cyg, RZ Cep, XZ Cyg and RR Lyr. Using their data 
in Table 2, we derived the mean magnitude in the B and 
V bands from a fit with a spline under tension. We then 
calculated the absolute Wesenheit parameter for each star, 
(W -< V > -3.06(B - V) - p), where p is the individ¬ 
ual distance modulus based on the HST parallax. Individ¬ 
ual mean magnitudes of the calibrating RRLs and their dis¬ 
tances are listed in Table [TOl We applied the individual cali¬ 
brating RRL to the empirical PW relations (see Figure |9] and 
Table|9]l. Note that the calibrating RRL s cover a limited rang e 
in metallicity (from -1.80 to -1.41 dex. [Benedict et af]l201 ll) . 
The current theoretical predictions (see Subsection 14.2! ) sug¬ 
gest a mild dependence on the metal content. Therefore, we 
neglected the metallicity dependence of the calibrating RRLs. 
The data plotted in Figure [TO] show in the W-log P plane the 
calibrating RRLs together with the Carina RRLs. The error 
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bars of the calibrating RRLs take into account both the pho¬ 
tometric errors and the uncertainties of the trigonometric par¬ 
allaxes. A glance at the data discloses that only for RR Lyr is 
the precision of the absolute distance better than 1 %. Using 
all the calibrating RRLs we found a true distance modulus for 
Carina of ^ - (20.02 + 0.02 + 0.05) mag. Note that for the 
above reasons the accuracy of the distance mainly depends on 
the accuracy of the data for RR Lyr. 

4.2. Carina distance determination based on theoretical 
PWZ relations 

To fully exploit the multiband photometry of Carina RRLs 
we also decided to use predicted PW relations. The new 
theoretical framework derived by M2015 indicates that the 
PW (BV) relation is independent of the metal content. This 
is a very positive feature for two different reasons: a) the 
PW (BV) can be applied to estimate individual distances of 
field RRLs for which the metal content is not available; b) 
the PW (BV) is particular useful to estimate distances of 
RRLs in nearby dwarf galaxies, since they typically cover a 
broad range in iron content. We applied the predicted rela¬ 
tion to Carina RRLs and we found a true distance modulus of 
^ - (20.08 + 0.007 + 0.07) mag. The distance determination 
has been estimated using the predicted relation for fundamen¬ 
tal pulsators. The number of RR^ variables in Carina is mod¬ 
est (12) and they have been fundamentalized. As noted in the 
previous section in the current distance determination we did 
not consider stars outside 3cr of the inferred empirical We- 
senheit (BV) relation. The above distance agrees, within the 
errors, quite well with the true Carina distance based on em¬ 
pirical calibrators. Moreover, the new distance determination 
also agrees with Carina distances available in the literature 
that are based on robust standard candles (see Table [TTIl. 

To take advantage of the multiband photometry for Carina 
RRLs, we estimated the distance using the PWZ (BI), the 
PWZ (V7) and the triple bands PWZ (BIV) relations (see Fig¬ 
ure Ell. The current pulsation predictions suggest a mild de¬ 
pendence on the metal content. Indeed, the coefficients of the 
metallicity term are 0.106 (BI), 0.150 (VI) and 0.075 (BVI). 
In passing we note that the metallicity dependence of the opti¬ 
cal PW relation for RRL stars displays a different trend when 
compared with similar relations for classical Cepheids. For 
the latter objects the PW (VI) relation is almost independent of 
the metallicity while the PW (BV) shows a strong dependence 
on the iron content. The reader interested in a detailed discus¬ 
sion of the difference between RRLs and classical Cepheids 
is referred to the recent paper by M2015. 

To estimate the distance from the PWZ (BI), the PWZ (VI) 
and the PWZ (BVI) we adopted a mean i ron abundance for Ca - 
rina RRLs of (-2.13 + 0.03 + 0.28) dex (iFabrizio et alJl2^ . 
Using this value we found the following true distance moduli: 

= (20.086+0.006+0.06) mag (B/),// = (20.07+0.008+0.08) 
mag (VI) and ^ - (20.06 + 0.006 + 0.06) mag (VBI). Note that 
the uncertainties in the distance modulus account for the pho¬ 
tometric errors, the standard deviation of the theoretical PWZ 
relations and the intrinsic spread in iron abundance. Once 
again the above distance determinations agree quite well with 
the empirical distance, with the distance based on the PW 
(BV) and with distances available in the literature. 

5. SXPHOENICIS 

More that 30 years ago iNissI (119811) identified the 
first variable Blue Straggler (BS) in the Galactic glob¬ 
ular to Cen. The oscillating BSs have been the 


cross-road of several t h eoretical (iGilliland et alJ 119981 : 
ISantolamazza et all 120011: iFiorentino et al. 2015h and ob¬ 


servational (Kaluznv & Thomnsod 120031: lOlech et alJ 120051 : 

IFiorentino et alJ I2014^ investigations. However, no gen¬ 
eral consensus has been reached yet on their evolution¬ 
ary and pulsation properties. The na mes suggested in 
the l iterature range from SX Phoenicis (iNemec & Mat^ 
199C ) to Dwarf Cepheids (iMateo et alJll99^ IVivas & Matec 
2013 ) to ultra-s hort-period Ce pheids (lEggenl 119791) to AI 
Velorum stars (|B iiSJT9^ to high-amp litude 6 Scuti 


stars (lMcNamarall995HHog & PetersenllTW^ . 

The most relevant point concerning the classification is 
that SX Phe are considered the metal-poor extension of the 
classical d Scuti stars. Ironically, the prototype, SX Phe it¬ 
self, is a metal-intermediate ([Fe/H]=-L3 dex; Hog & Pe¬ 
tersen, 1997). The circumstantial empirical evidence con¬ 
cerning the pulsation properties are: they oscillate both 
in radial and non radial modes and a signific ant fraction 
are mixed-mode variables (IGilliland et al.l [ l998h : their am¬ 
plitude ranges from a few hundredths to a few tenths of 
magnitude; they do not show a clear separation in the 
Bailey diagram (luminosity amplitude versus pulsation pe¬ 
riod), this means that the mode identification based on their 
pulsation p roperties is not tr ivial; they obey to a period- 
luminosity (iMcNama r^ 12000 1) and to a period-luminosity - 
color-metallicity ( Petersen & Christensen-DalsgaardI 119991 : 


ty (IP^ 

Hl20ll) 


IFiorentino et al 

The region of the color-magnitude diagram in which these 
objects are located is strongly affected by degeneracy. They 
are at the transition between low- and intermediate-mass stars 
during either central hydrogen burning or thick shell hydrogen 
burning. However, the same region is also c rossed by stel¬ 
lar st ructures approaching the main sequence (iMarconi et alJ 
l200(]l) and by stellar structures that experienced either a col- 
lisional merging or a bin ary merging, i.e. the so-called BSs 
(iDalessandro et ani2013l) . 

The above evidence indicates that the evolutionary channel 
producing field 6 Scuti and SX Phe can hardly be constrained 
by their position in the Color-Magnitude-Diagram or the Bai¬ 
ley diagram. The empirical scenario becomes easier for vari¬ 
ables hosted either in open or in globular clusters, since they 
are typically brighter and bluer than MS turn-off stars. This 
further supporting their ’’peculiar” evolutionary origin. 

In this context, dwarf galaxies play a crucial role. The 
stellar content of dwarf spheroidal gala xies that experienced 
only a single star formation event (Cetus fMonelli et alJ2012'ah 
and (Tucana [Monelli et al.l 1201 Oh appears similar to globu¬ 
lar clusters. These stellar systems are dominated by old 
(t>10 Gyr) stellar populations therefore the color of their 
main sequence turn off stars (MSTO) are systematically red¬ 
der (cooler) than the red edge of the instability strip. This 
means that the Cepheid instability strip in these stellar sys¬ 
tems can only be crossed by BSs, since these objects are hot¬ 
ter and brighter than canonical MSTO stars. However, dwarf 
galaxies that underwent multiple star formation episodes and 
in particular a well defined star formation episode 6-9 Gyrs 
ago is going to have both ’’canonical” and ’’peculiar” objects 
crossing the Cepheid instability strip. Carina dwarf spheroidal 
belongs to the latter group. 

The above scenario has been soundly supported by the re¬ 
cent detailed photometric investigation by VM13. They iden¬ 
tified more than 340 new SX Phe in Carina with period rang¬ 
ing from 0.03860 to 0.18058 days and luminosity amplitudes 
ranging from 0.22 to 1.10 mag in V-band. In this context it is 
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worth mentioning that their magnitude (21.89 < V < 23.55) 
and color distribution (0.05 < B-V < 0.54) indicate that only 
a minor fraction belongs to the so-called Blue Plume (22.0 < 
V < 23.2; 0.02 < B-V < 0.22), i.e. to the objects for which 
it is not clear whether th ey are truly young (t < 1 Gyr) or 
BS of t he old populations (lOkamoto et al.l200^lMonelli et all 
l2012bl) . The bulk seems to belong to canonical main sequence 
intermediate-age stars. This evidence opens a new path in the 
investigation of these interesting objects, since we are dealing 
with objects that are the aftermath of the different channels 
located at the sam e distance and cover ing a narrow range in 
metal abundances (iFabrizio et al.ll2015h . 

Although, the investigation by VM13 is a substantial step 
forward in the identification of these objects we decided to 
further investigate the possible occurrence of SX Phe stars. 
The working hypothesis was mainly supported by the slope 
of the Cepheid instability strip suggesting that the actual 
sample of SX Phe might be even larger. The similarity of 
the Cepheid instability strip with the location of SX Phe, 6 
Scuti, and RR Lyrae stars is supported by detailed investiga¬ 
tions concerning their pulsa tion properties (lMcNamarall201 lb 
iMcNamara & Barnesll2014li . Thanks to the photometric pre¬ 
cision and accuracy of our multiband photometric catalog we 
identified 101 new SX Phe. Some example of light curves 
are plotted in Figure[T2] while their positions, epochs, periods 
and mean magnitudes are listed in TablefT2l The mean magni¬ 
tudes were estimated as intensity means using an analytical fit 
of the light-curves. Moreover, we confirm the variability for 
324 out of the 340 known SX Phe in Carina. For the others 
16, we have insufficient data for DC-1, DC-2, DC-3, DC-4, 
DC-5, DC-6, DC-284 and DC-339, we do not confirm the 
variability for DC-75, DC-158, DC-264 and DC-295, we do 
not find DC-180 and DC-340 and we consider DC-1, DC-111 
and DC-144 the same variable. The pulsation properties for 
these objects are given in Table fOl 

The comparison between predicted and observed evolution¬ 
ary and pulsation properties of Carina SX Phe will be dis¬ 
cussed in a forthcoming paper. 

6. CONCLUSIONS AND FUTURE PERSPECTIVES 

We have discussed new and accurate multi-band optical 
iUBVI) photometry of helium burning variables in the Ca¬ 
rina dwarf spheroidal galaxy. The current photometry covers 
a time interval of more than 20 years. This means that we can 
provide robust identification of regular variables with periods 
close to half and one day, as well as variables showing mod¬ 
ulations in the pulsation period and/or in in amplitude (mixed 
mode pulsators, Blazhko). 

We ended up with a sample of 92 RRLs, among them 
twelve are first overtones (RRf), 63 are fundamental (RRu*) 
pulsators, nine mixed-mode variables (RR^/) and eight candi¬ 
date Blazhko variables (Bl). Six out of the 92 RRL variables 
are new identifications. Moreover, we identified one new dou¬ 
ble mode pulsator. We also identified 20 ACs, among them 
one is new identification. Together with all these variables we 
found two new LPVs and seven EB candidates. 

For the entire sample of variables we provide accurate pul¬ 
sation properties (periods, luminosity amplitudes) plus accu¬ 
rate estimates of the mean BVI magnitudes. The mean BV 
magnitudes are based on a spline fit, while the mean /-band 
mean magnitude is based on a template fit. For the RR^/ vari¬ 
ables we have been able to estimate the two oscillating fre¬ 
quencies and also the luminosity amplitude of both the FO and 
the F component. The current data do not allow us to constrain 


the secondary oscillation of the candidate Blazhko RRLs. Ac¬ 
cording to extensive photometric surveys of field RRLs, they 
are a minor fraction (8%) of Blazhko RRLs (ISoszvriski et alJ 

IMIh . 

Although the pulsation properties of ACs in Carina are very 
accurate we are still facing the problem of mode identifica¬ 
tion. It seems that optical bands do not help us in settling this 
longstanding problem. 

The analysis of the Bailey diagram confirms that Carina 
is an Oosterhoff intermediate system and shows that the lu¬ 
minosity amplitudes of the FO component in RR^ variables 
are located along the long-period tail of ’’regular” RR^ vari¬ 
ables, while the fundamental components are located along 
the short-period tale of ’’regular” RRa/, variables. To our 
knowledge this is the first time that we can properly locate 
the two components of RR^/ variables. 

The comparison between theory and observations in the Pe¬ 
tersen diagram for RR^ variables indicates that a steady in¬ 
crease in the metal content causes a steady decrease in the 
period ratio and in the fundamental period. This evidence is 
supported not only by RRj variables in Galactic globulars, 
but also by RR,^ variables in the Galactic halo and bulge. 
Moreover, the same diagram shows that RR^ variables in 
nearby dwarf spheroidals and dwarf irregulars (the Magel¬ 
lanic Clouds) display similar properties and that Carina RR^/ 
variables are located in a region in which are found only RR^/ 
variables hosted in metal-poor globular clusters (M15, M68), 
in the Halo, or in metal-poor dwarf spheroidal galaxies (e.g. 
Draco). 

The new accurate and precise mean magnitudes allowed us 
to provide new independent estimates of Carina’s true dis¬ 
tance modulus. We investigated four different reddening-free 
Period-Wesenheit relations {BV, BI, VI, BVI). We found that 
the PW (BV) is independent of the metal content. This find¬ 
ing soundly supports recent pulsation predictions based on 
nonlinear, convective, hydrodynamical models of RRL stars 
(M2015). 

We took advantage of the trigonometric par allaxes for five 
field RRLs provided by [Benedict et al.l (1201 Ih to give a new 
independent estimate of Carina’s true distance modulus us¬ 
ing the observed slope of the PW (BV) relation. We found 
p=20.02+0.02 (standard error of the mean) +0.05 (standard 
deviation) mag. The distance was evaluated using the entire 
sample of variables. In particular, the RR^. variables were fun- 
damentalized. The above estimate agrees, within the errors, 
with Carina distances available in the literature that are based 
on solid standard candles (see Table fTTll. 

To take advantage of the new predicted optical and NIR 
PW relations provided by M2015 we also estimated the 
Carina distances using the zero-point and the slope of the 
PWZ (BV, BI, VI, BVI) relations. We found true distance 
moduli of p=(20.08+0.007±0.07), /z=(20.06±0.006±0.06), 
p=(20.07±0.008±0.08) mag and p=(20.06+0.006±0.06) 
mag. Note that the distances based on both predicted and em¬ 
pirical PW {BV) relations are independent of the metal con¬ 
tent. The distances based on the PWZ {BI, VI, BVI) rela¬ 
tions have been estimated by assuming a mean iron abundance 
for Carina RRLs of [Fe/H]=(-2.13±0.03±0.28) dex. All the 
above distances are independent of uncertainties in the red¬ 
dening. However, they rely on the assumption that the red¬ 
dening law adopted to estimate the color coefficients of the 
PW relations, is appropriate. The true distances based on em¬ 
pirical and predicted PW relations agree quite well one with 
each other and with similar distances available in the litera- 
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ture. 

There is evidence that distances based on the theoretical 
calibrations are -0.05-0.1 mag larger the distance based on 
empirical calibrations. The evidence applies not only to the 
PW relation that is independent of metallicity, but also to the 
PW relation based on triple bands indicates that the differ¬ 
ence is mainly caused by a difference in the zero-point. The 
comparison between distances based on empirical and on pre¬ 
dicted PW relations for stellar systems with precise distances 
are required to constrain possible systematics either in the cur¬ 
rent trigonometric parallaxes or in the predicted luminosities 
at fixed mass. 

The above findings further support the mature phase that 
RRLs are approaching as distance indicators. This cir¬ 
cumstantial evidence is going to be reinforced using ei¬ 
ther NIR and/or MIR PW relations (iMadore et alJ 120131 : 
iBraga et^ l2015h . The key advantage of the above find¬ 
ings is that RRL PW relations display either a mild or a 
vanishing metallicity dependence. This means the unique 
opportunity to estimate individual distances for a signifi¬ 
cant fraction of Halo and Bulge RRLs that have been re- 


cen tly discovered b 
IV, ISoszvhski et al 


LINEA R. iPalaversa et akl (IMI: 


ly long- term photom etric surveys 0 
] (120141), Cat alina, iDrake et'ffl I 


OGLE 

- _. 

LONEOS. iMicelietaL 


((25o^ : AS AS. iPoimanskil (I2002h : QUEST. IVWas^ 


(2004); Gaia. lEyer et al.1 (1201^ 1. This appears as a crucial 
stepping stone before RRLs can be used as solid primary dis¬ 
tance indicators in the local Uniyerse. 

The recent findings concerning the difference in iron and 
in Mg distribution between the old and the intermediate-age 
Carina stellar populations opened the path for a more detailed 
pulsat ion analysis of Carina S X Phe stars. In a recent inyesti- 
gation lFiorentino et alJ (12015h found that the pulsation proper¬ 
ties of SX Phe can proyide solid constraints on their pulsation 
masses. This approach has alre ady been applied t o cano nical 
Galactic globulars (NGC 6541. Ip^rentino et alJ (l2014h l and 
to Omega Centauri, i.e. in stellar systems mainly hosting old 
stellar populations. The sizable sample of Carina SX Phe stars 
is a yery promising laboratory to constrain the mass distribu¬ 
tion of the different stellar populations. Moreoyer they are 
located at the same distance, and therefore they are an unique 
opportunity to constrain whether the aftermaths of single and 
binary star eyolution display different mass luminosity rela¬ 
tions. This means the prodrome for their use as solid distance 
indicators. 
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ability and the cut of the paper. This work was partially 
supported by PRIN-INAE 2011 “Tracing the formation and 
eyolution of the Galactic halo with VST” (PI: M. Marconi) 
and by PRIN-MIUR (2010LY5N2T) “Chemical and dynam¬ 
ical eyolution of the Milky Way and Local Group galax¬ 
ies” (PI: E. Matteucci). M. Monelli was supported by the 
Education and Science Ministry of Spain (grants AYA2010- 
16717). M. Eabrizio acknowledges financial support from 
the PO ESE Abruzzo 2007-2013 through the grant Spectro- 
photometric characterization of stellar populations in Local 
Group dwarf galaxies, prot.89/2014/OACTe/D (PI: S. Cas- 
sisi). G. Eiorentino was supported by the Euturo in Ricerca 
2013 (RBER13J716) 
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On hydrogen and helium burning variables 


TABLE 2 

Catalog of Cartina variable stars. Col. 1: identification star; Col. 2: right ascension, 
(( t ); Col. 3: declination, (6)', Col. 4: type as in S86; Col. 5: type and identification as in 
D03; Col. 6: type and identification as in VM13; Col. 7: identification and type as in 
Paper VI;Co/. 8: type as in this study 


ID 

or (J2000.0) 
(hh mm ss) 

^ (J2000.0) 
(dd mm ss) 

S98 

MDO03 

VM13 

Paper I 

Our 

V3 

06 43 31.71 

-50 51 05.3 

ab 



V215 (ab) 

ab 

V4 

06 43 28.70 

-50 55 46.9 

c 

VI77 (c) 



c 

V7 

06 43 16.26 

-51 04 17.2 

ab 

V7 (ab) 


V7 (ab) 

ab 

VIO 

06 43 10.66 

-50 43 47.8 

ab 

VIO (ab) 


VIO (ab) 

ab 

VI1 

06 43 08.20 

-50 50 47.9 

c 

VI1 (d) 


VI1 (d) 

d 

V14 

06 43 01.93 

-51 01 26.3 

ab 

V14 (AC) 


V14 (AC) 

AC 

V22 

06 42 46.32 

-50 57 36.9 

ab 

V22 (c) 


V22 (ab) 

ab 

V24 

06 42 34.00 

-50 44 24.9 

ab 

V24 (ab) 


V24 (ab) 

ab 

V25 

06 42 32.22 

-50 59 36.4 

ab 



V213 (ab) 

Bl 

V26 

06 42 30.33 

-50 52 24.1 

ab 

V26 (d) 


V26 (d) 

d 

V27 

06 42 28.89 

-50 47 50.2 

ab 

V27 (AC) 


V27 (AC) 

AC 

V29 

06 42 25.07 

-51 03 47.7 

ab 

V29 (AC) 


V29 (AC) 

AC 

V30 

06 42 24.10 

-51 02 38.9 

ab 

V30 (ab) 


V30 (ab) 

ab 

V31 

06 42 22.87 

-50 59 16.0 

c 

V31 (ab) 


V31 (ab) 

Bl 

V32 

06 42 22.50 

-50 59 18.3 

ab 

V202 (ab) 


V202 (ab) 

ab 

V33 

06 42 21.10 

-51 11 51.4 

ab 

V33 (AC) 


V33 (AC) 

AC 

V34 

06 42 19.22 

-50 45 30.7 

ab 

V34 (ab) 


V34 (ab) 

ab 

V40 

06 42 15.63 

-51 07 00.0 

c (ab?) 

V40 (c) 


V40 (c) 

c 

V41 

06 42 14.76 

-50 55 14.0 

sv 

VI80 (AC) 


VI80 (AC) 

AC 

V43 

06 42 13.11 

-50 46 49.9 

C 

V43 (c) 


V43 (c) 

c 

V44 

06 42 13.05 

-50 57 22.1 

ab 



V212 (ab) 

ab 

V47 

06 42 09.10 

-50 53 53.5 

c 

V47 (c) 

37 (ab) 

V47 (c) 

c 

V49 

06 42 08.77 

-51 01 11.8 

ab 

V49 (ab) 


V49 (ab) 

ab 

V57 

06 42 02.85 

-50 52 56.8 

ab 

V57 (ab) 

35 (ab) 

V57 (ab) 

ab 

V58 

06 42 01.04 

-50 57 19.7 

ab 


34 (ab) 

V211 (ab) 

ab 

V60 

06 41 59.75 

-51 06 38.5 

ab 

V60 (ab) 

33 (ab) 

V60 (ab) 

ab 

V61 

06 41 58.29 

-50 47 37.8 

ab 

V61 (ab) 

32 (ab) 

V61 (ab) 

Bl 

V65 

06 41 55.86 

-50 55 35.3 

ab 

V65 (ab) 

31 (ab) 

V65 (ab) 

ab 

V67 

06 41 52.64 

-51 05 19.7 

ab 

V67 (ab) 

30 (ab) 

V67 (ab) 

ab 

V68 

06 41 49.15 

-50 59 18.7 

ab 

V68 (ab) 

28 (ab) 

V68 (ab) 

ab 

V73 

06 41 46.91 

-51 07 07.5 

ab 

V73 (ab) 

27 (ab) 

V73 (ab) 

ab 

V74 

06 41 43.86 

-50 54 09.0 

c 

V74 (c) 


V74 (c) 

d 

V75 

06 41 42.90 

-50 58 49.5 

ab 


25 (ab) 


ab 

V77 

06 41 39.24 

-51 05 39.7 

ab 

V77 (ab) 

23 (ab) 

V77 (Bl) 

Bl 

V84 

06 41 37.11 

-51 00 04.5 

ab 

V84 (ab) 


V84 (ab) 

ab 

V85 

06 41 35.64 

-50 50 07.4 

ab 

V85 (ab) 

22 (ab) 

V85 (ab) 

ab 

V87 

06 41 32.67 

-50 57 00.8 

sv 

V87 (AC) 

3 (AC) 

V87 (AC) 

AC 

V89 

06 41 29.94 

-50 47 13.7 

ab 

V89 (d) 

21 (ab) 

V89 (d) 

d 

V90 

06 41 29.92 

-50 52 10.7 

ab 

V90(ab) 

20 (ab) 

V90 (ab) 

ab 

V91 

06 41 29.46 

-51 04 28.5 

ab 

V91 (ab) 

19 (ab) 

V91 (ab) 

ab 

V92 

06 41 28.75 

-51 06 50.5 

ab 

V92 (ab) 

18 (ab) 

V92 (ab) 

ab 

V105 

06 41 16.53 

-51 09 03.0 

ab 

VI05 (ab) 

14 (ab) 

V105 (ab) 

ab 

VI15 

06 41 06.23 

-50 53 18.5 

7 

VI15 (AC) 


VI15 (AC) 

AC 

VI16 

06 41 05.63 

-51 00 28.1 

ab 

VI16 (ab) 

11 (ab) 

V116(ab) 

ab 

V122 

06 40 56.97 

-51 00 45.8 

ab 

V122(ab) 


V122 (ab) 

ab 

V123 

06 40 54.92 

-50 44 14.5 

ab 

VI23 (ab) 


VI23 (ab) 

ab 

V124 

06 40 53.78 

-51 05 53.1 

ab 

V124 (ab) 


VI24 (ab) 

ab 

V125 

06 40 53.37 

-50 58 53.3 

ab 

VI25 (ab) 

lb (c) 

VI25 (ab) 

ab 

V126 

06 40 52.35 

-50 58 56.6 

ab 

VI26 (ab) 


VI26 (Bl) 

Bl 

V127 

06 40 52.22 

-50 59 20.8 

ab 

V127 (ab) 


VI27 (Bl) 

Bl 

V129 

06 40 49.34 

-51 08 15.0 

ab 

VI29 (AC) 


V129 (AC) 

AC 

V133 

06 40 47.93 

-51 03 23.5 

ab 



V209 (ab) 

ab 

V135 

06 40 46.43 

-51 05 24.6 

ab 

V135 (ab) 


VI35 (ab) 

ab 

V136 

06 40 44.80 

-51 12 42.7 

ab 

V136 (ab) 


VI36 (ab) 

ab 

V138 

06 40 40.73 

-50 52 58.3 

sv 

V138 (ab) 


V138 (ab) 

ab 

V141 

06 40 39.29 

-50 56 01.3 

sv 

V141 (ab) 


V141 (ab) 

ab 

V142 

06 40 38.40 

-51 01 38.8 

sv 

V142 (c) 


V142 (c) 

c 

V143 

06 40 38.06 

-51 11 30.9 

ab 

V143 (ab) 


V143 (ab) 

ab 

V144 

06 40 37.20 

-50 59 25.0 

c 

V144 (c) 

9(c) 

V144 (c) 

c 

V148 

06 40 31.69 

-50 48 39.9 

ab 

V148(c) 

8(c) 

V148 (c) 

c 

V149 

06 40 30.46 

-51 07 00.9 

ab 

V149 (AC) 


V149 (AC) 

AC 

V151 

06 40 29.45 

-51 00 17.3 

sv 

V151 (c) 

7(c) 

V151 (c) 

c 

V153 

06 40 24.39 

-51 04 49.9 

ab 

V153 (ab) 


VI53 (ab) 

ab 

V158 

06 40 12.87 

-50 56 24.8 

ab 

V158 (ab) 


V158 (ab) 

ab 

V159 

06 40 12.59 

-51 09 35.8 

ab 

V159 (ab) 


VI59 (ab) 

ab 

V164 

06 39 56.29 

-50 53 54.7 

ab 

VI64 (ab) 


VI64 (ab) 

ab 

V165 

06 39 55.72 

-50 59 49.2 

ab 

VI86 (ab) 


VI86 (ab) 

ab 

V170 

06 39 38.54 

-50 46 33.6 

ab 




ab 

V171 

06 39 36.54 

-51 12 40.7 

ab 




ab 

V173 

06 43 27.13 

-50 44 49.2 


V173 (RGB) 


V173 (RGB) 

RGB 

V174 

06 42 38.13 

-50 46 10.9 


VI74 (ab) 


V174 (ab) 

ab 

V175 

06 42 54.36 

-50 51 21.6 


VI75 (c) 


V175 (c) 

c 
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TABLE 2 — Continued 


ID 

or (J2000.0) 
(hh mm ss) 

6 (J2000.0) 
(dd mm ss) 

S98 

MDO03 

VM13 

Paper I 

Our 

V176 

06 43 00.06 

-50 53 59.1 


V176 (c) 


V176 (ab) 

ab 

V178 

06 41 44.04 

-50 50 17.2 


VI78 (AC) 

5 (AC) 

V178 (AC) 

AC 

V179 

06 41 49.40 

-50 54 11.2 


VI79 (ab) 

29 (c) 

V179 (ab) 

ab 

V181 

06 42 24.16 

-50 56 00.3 


V181 (c) 


V181 (c) 

c 

VI82 

06 41 34.93 

-50 52 39.1 


VI82 (ab) 


VI82 (ab) 

ab 

V183 

06 41 27.59 

-50 56 01.4 


VI83 (ab) 

17 (ab) 

VI83 (ab) 

ab 

VI84 

06 40 33.02 

-50 43 14.8 


VI84 (c) 


VI84 (c) 

c 

VI85 

06 40 25.22 

-50 44 35.4 


VI85 (ab) 


VI85 (ab) 

ab 

VI87 

06 40 24.74 

-51 01 29.4 


VI87 (AC) 


VI87 (AC) 

AC 

V188 

06 40 12.28 

-51 07 06.2 


VI88 (ab) 


V188 (ab) 

ab 

VI89 

06 40 09.85 

-51 08 05.2 


VI89 (ab) 

6(c) 

VI89 (ab) 

ab 

V190 

06 41 39.78 

-50 59 02.1 


VI90 (AC) 

4 (AC) 

V190 (AC) 

AC 

V191 

06 41 26.22 

-50 59 33.9 


V191 (ab) 

16 (ab) 

V191 (ab) 

ab 

V192 

06 41 20.66 

-51 00 31.5 


VI92 (d) 

15 (ab) 

V192 (d) 

d 

V193 

06 41 28.23 

-51 00 45.4 


VI93 (AC) 

2 (AC) 

V193 (AC) 

AC 

V194 

06 41 04.23 

-51 01 32.9 


VI94 (FV) 


VI94 (FV) 

FV 

V195 

06 41 40.82 

-51 01 33.7 


VI95 (ab) 

24 (ab) 

V195 (ab) 

ab 

V196 

06 41 11.48 

-51 02 16.1 


VI96 (ab) 

13 (ab) 

V196 (ab) 

ab 

V197 

06 41 00.27 

-51 02 39.5 


VI97 (c) 


V197 (c) 

c 

V198 

06 41 10.55 

-51 03 22.9 


V198 (d) 

12 (c) 

V198 (d) 

d 

V199 

06 41 19.60 

-51 10 23.7 


VI99 (ab) 


V199 (ab) 

ab 

V200 

06 41 46.74 

-50 58 39.3 


V200 (ab) 

26 (ab) 

V200 (ab) 

ab 

V201 

06 42 10.38 

-50 59 07.5 


V201 (ab) 


V201 (ab) 

ab 

V203 

06 41 56.12 

-50 59 21.6 


V203 (AC) 

6 (AC) 

V203 (AC) 

AC 

V204 

06 42 04.10 

-51 01 51.4 


V204 (ab) 


V204 (ab) 

ab 

V205 

06 42 24.51 

-51 02 40.4 


V205 (AC) 

7 (AC) 

V205 (AC) 

AC 

V206 

06 42 04.25 

-51 09 41.3 


V206 (ab) 

36 (ab) 

V206 (ab) 

Bl 

V207 

06 43 07.50 

-51 02 30.9 


V207 (d) 


V207 (d) 

d 

V208* 

06 40 22.40 

-51 17 08.1 




V208 (ab) 

ab 

V210* 

06 41 27.04 

-51 15 39.8 




V210(B1) 

d 

V214* 

06 42 36.99 

-51 03 29.7 




V214 (Bl) 

Bl 

V216* 

06 41 17.76 

-50 56 46.0 




V216 (AC) 

AC 

V217* 

06 41 33.03 

-50 47 56.0 




V217 (AC) 

AC 

V218* 

06 41 39.56 

-51 15 52.6 




V218(AC) 

AC 

V219* 

06 42 09.01 

-50 59 37.6 




V219 (AC) 

AC 

V220* 

06 40 19.12 

-50 58 23.0 




V220 (EB) 

EB 

V221* 

06 43 20.73 

-50 55 29.9 




V221 (WUma) 

WUma 

V222* 

06 41 24.30 

-51 03 24.7 





LPV 

V223* 

06 39 52.92 

-50 54 28.3 





ab 

V224* 

06 40 36.37 

-51 16 42.2 





LPV 

V225* 

06 41 01.01 

-51 00 02.4 





d 

V226* 

06 40 18.76 

-51 18 36.6 





ab 

V227* 

06 41 26.13 

-51 21 26.7 





ab 

V228* 

06 42 35.07 

-50 38 07.2 





ab 

V229* 

06 39 38.92 

-51 05 59.1 





ab 

V230* 

06 42 34.11 

-50 58 20.0 



8 (AC) 


AC 

V231* 

06 41 10.58 

-50 53 40.1 





EB 

V232* 

06 40 10.11 

-51 16 01.5 





EB 

V233* 

06 41 23.47 

-50 54 03.0 





EB 

V234* 

06 42 30.62 

-50 53 34.5 





EB 

V235* 

06 43 14.32 

-51 06 45.0 





EB 

V236* 

06 41 03.78 

-51 54 52.8 



2 (Mis) 


EB 

V237* 

06 41 17.39 

-51 05 45.3 



5 (Mis) 


EB 


Field variable. 

Variable located along the RGB. 
Suspected variable. 
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ID 

O' (J2000.0) 
(hh mm ss) 

^ (J2000.0) 
(dd mm ss) 

S86 

MDO03 

This Work 

VI 

06 42 21.90 

-50 51 35.0 

ab 


NV 

V2 

06 42 19.60 

-50 45 12.0 

sv 


NV 

V5 

06 43 19.04 

-50 53 29.3 

sv 

NV 

NV 

V6 

06 43 18.01 

-50 46 43.7 

sv 

NV 

NV 

V8 

06 42 56.44 

-50 41 45.6 

5Scu 

NV 

NV 

V9 

06 43 16.00 

-51 02 43.6 

WUma 

NV 

NV* 

V12 

06 43 06.20 

-50 59 04.6 

5Scu 

NV 

NV^ 

V13 

06 43 05.02 

-50 49 33.0 

sv 

NV 

NV^ 

V15 

06 43 00.82 

-50 50 28.2 

sv 

NV 

NV 

V16 

06 42 56.33 

-50 54 47.4 

sv 

NV 

NV^ 

V17 

06 42 56.39 

-51 08 38.0 

sv 

NV 

EB 

V18 

06 37 30.80 

-51 17 31.4 

sv 

NV" 

NV 

V19 

06 42 54.24 

-50 44 44.8 

sv 

NV 

NV 

V20 

06 42 50.97 

-50 56 06.7 

sv 

NV 

NV 

V21 

06 42 46.66 

-51 08 50.6 

sv 

NV 

NV 

V23 

06 42 37.03 

-51 03 28.6 

ab 


NV 

V28 

06 42 26.26 

-50 59 44.2 

sv 

NV“ 

NV* 

V35 

06 42 19.37 

-50 48 44.0 

sv 

NV 

NV 

V36 

06 42 18.15 

-51 08 07.6 

sv 

NV 

NV 

V37 

06 41 52.94 

-50 44 11.4 

sv 

NV 

NV"* 

V38 

06 42 17.30 

-51 07 16.0 

sv 

NV 

NV^ 

V39 

06 42 17.21 

-51 01 58.0 

sv 

NV" 

NV 

V42 

06 42 14.75 

-50 55 36.0 

sv 

NV 

NV^ 

V45 

06 42 10.98 

-51 12 56.5 

sv 

NV 

NV 

V46 

06 42 08.71 

-50 46 57.3 

sv 

NV 

NV^ 

V48 

06 42 08.98 

-51 02 40.4 

sv 

NV 

NV 

V50 

06 42 08.50 

-51 02 52.1 

sv 

NV 

NV 

V51 

06 42 08.32 

-51 02 26.7 

sv 

NV 

NV 

V52 

06 42 07.52 

-50 43 08.4 

sv 

NV 

NV 

V53 

06 42 07.46 

-50 51 25.3 

sv 

NV 

NV 

V54 

06 42 07.54 

-51 01 17.0 

sv 

NV 

NV 

V55 

06 42 31.74 

-50 51 56.7 

sv 

NV 

NV' 

V56 

06 42 04.38 

-50 49 15.1 

sv 

NV 

NV 

V59 

06 41 59.71 

-50 50 37.3 

sv 

NV 

NV 

V62 

06 41 57.81 

-50 59 53.3 

sv 

NV 

NV' 

V63 

06 41 57.40 

-51 03 23.0 

sv 

NV 

NV 

V64 

06 41 57.17 

-50 53 30.0 

sv 

NV 

NV' 

V66 

06 41 53.04 

-51 12 38.3 

sv 

NV 

NV 

V69 

06 41 48.94 

-51 02 32.5 

C 

NV 

NV* 

V70 

06 41 48.23 

-50 55 01.8 

sv 

NV 

NV 

V71 

06 41 47.90 

-51 03 12.6 

sv 

NV 

NV 

V72 

06 41 46.89 

-51 05 25.3 

sv 

NV 

NV 

V76 

06 41 39.68 

-50 48 56.1 

sv 

NV 

NV' 

V78 

06 40 26.70 

-51 08 23.0 

sv 


NV 

V79 

06 41 38.26 

-50 49 03.5 

sv 

NV 

NV 

V80 

06 41 38.36 

-51 04 37.5 

sv 

NV 

NV' 

V81 

06 41 37.70 

-51 02 37.2 

sv 

NV 

NV 

V82 

06 41 37.52 

-50 57 41.5 

sv 

NV 

NV“ 

V83 

06 41 37.46 

-51 01 37.1 

sv 

NV 

NV“ 

V86 

06 41 33.86 

-50 43 49.3 

sv 

NV 

NV 

V88 

0641 31.18 

-50 57 56.1 

sv 

NV 

NV 

V93 

06 40 16.20 

-51 10 20.0 

sv 


NV 

V94 

06 40 14.60 

-50 57 20.0 

sv 


NV 

V95 

06 41 26.76 

-50 52 15.0 

sv 

NV 

NV' 

V96 

06 41 24.98 

-50 44 11.9 

sv 

NV 

NV 

V97 

06 40 09.40 

-50 54 31.0 

sv 


NV 

V98 

06 40 08.50 

-50 57 17.0 

sv 


NV 

V99 

06 41 18.87 

-50 58 24.8 

sv 

NV 

NV 

VlOO 

06 40 05.6 

-50 43 48.0 

C 


NV 

VlOl 

0641 18.13 

-51 01 28.0 

sv 

NV 

NV 

V102 

06 41 18.12 

-51 10 57.1 

sv 

NV 

NV 

V103 

06 41 17.40 

-50 55 15.3 

sv 

NV 

NV 

V104 

06 41 16.45 

-51 01 08.8 

sv 

NV 

NV' 

V106 

06 41 15.10 

-51 08 40.7 

sv 

NV 

NV' 

V107 

06 41 11.36 

-51 11 14.8 

sv 

NV 

NV 

V108 

06 41 10.55 

-51 08 19.5 

sv 

NV 

NV 

V109 

06 41 09.53 

-50 59 43.8 

sv 

NV* 

NV* 

VllO 

06 41 09.18 

-51 00 33.7 

sv 

NV 

NV' 

Vlll 

06 39 56.10 

-50 54 36.0 

sv 


NV 

V112 

06 41 08.80 

-51 04 39.3 

sv 

NV 

NV 

V113 

06 41 08.56 

-50 48 21.1 

sv 

NV 

NV 

V114 

06 41 08.26 

-50 54 41.1 

sv 

NV 

NV' 
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TABLE 3 — Continued 


ID 

a (J2000.0) 
(hh mm ss) 

5 (J2000.0) 
(dd mm ss) 

S86 

MDO03 This Work 

V117 

06 39 52.60 

-51 00 07 

SV 


NV 

V118 

06 41 01.82 

-50 47 22.4 

SV 

NV 

NV* 

V119 

06 41 01.44 

-50 52 30.7 

SV 

NV 

NV 

V120 

06 40 58.83 

-50 45 24.4 

SV 

NV 

NV 

V121 

06 40 57.49 

-51 00 41.2 

SV 

NV 

NV 

V128 

06 40 49.17 

-51 00 33.4 

SV 


NV* 

V130 

06 39 35.90 

-50 43 13.0 

SV 


NV 

V131 

06 39 36.50 

-51 01 43.0 

SV 


NV 

V132 

06 39 35.90 

-50 54 38.0 

SV 


NV 

V134 

06 39 35.80 

-51 06 54.0 

SV 


NV 

V137 

06 40 43.01 

-50 55 54.3 

SV 

NV 

NV 

V139 

06 40 39.86 

-50 53 22.9 

SV 

NV 

NV 

V140 

06 40 39.47 

-51 07 02.2 

SV 

NV 

NV 

V145 

06 40 36.06 

-50 58 31.1 

SV 

NV 

NV 

V146 

06 40 34.79 

-51 01 51.7 

SV 

NV 

NV 

V147 

06 40 34.08 

-51 11 29.9 

SV 

NV 

NV* 

V150 

06 40 30.73 

-50 45 27.9 

SV 

NV 

NV 

V152 

06 40 29.32 

-50 42 14.5 

SV 

NV" 

NV* 

V154 

06 40 13.95 

-50 42 55.1 

SV 

NV 

NV 

V155 

06 40 19.68 

-50 45 45.4 

SV 

NV 

NV 

V156 

06 40 17.98 

-51 06 02.0 

SV 

NV 

NV 

V157 

06 40 17.60 

-50 58 41.4 

SV 

NV 

NV 

V160 

06 40 01.42 

-51 02 50.3 

SV 

NV 

NV 

vieC 

06 40 00.98 

-51 04 06.6 

SV 

SV 

NV* 

V162 

06 40 00.14 

-50 44 14.5 

SV 

NV 

NV 

V163 

06 39 57.08 

-50 51 10.6 

SV 

NV 

NV 

V166 

06 38 29.90 

-50 52 41.0 

SV 


NV 

V167 

06 38 30.30 

-50 54 36.0 

SV 


NV 

V168 

06 38 29.90 

-50 54 27.0 

SV 


NV 

V169 

06 38 29.2 

-50 45 05.0 

SV 


NV 

V172 

06 41 08.38 

-50 47 06.8 

SV 

NV 

NV 


NV 

No variability detected. 

Suspected variable. 

^ Possible field galaxy. 

Possible blend. 

^ Located close to a bright or faint star. 

Saturated star. 

® Faint star. 
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TABLE 4 

Photometry of the Carina variable stars. 


HJD_U (Tu HJD_B o-B HJD_V cry HJD_I cr, 


V7 

53351.7001 

53351.7129 

53351.7256 

53351.7387 

53351.7515 

53351.7642 

53359.7729 

53359.7858 

53359.7992 

53359.8121 


21.50 

ijm 

21.64 

0.03 

21.59 

0.03 

21.59 

0.04 

21.62 

0.04 

21.68 

0.03 

21.39 

0.03 

21.14 

0.02 

20.75 

0.02 

20.45 

0.02 


51552.5736 

51552.5854 

51552.5971 

51552.6089 

51552.6209 

51552.6327 

51552.6445 

51552.6562 

51552.6681 

51552.6798 

51552.6916 


21.33 

(IDT 

21.40 

0.02 

21.43 

0.02 

21.43 

0.02 

21.47 

0.01 

21.49 

0.02 

21.53 

0.02 

21.53 

0.02 

21.56 

0.02 

21.54 

0.02 

21.58 

0.02 


51552.5669 

51552.5786 

51552.5904 

51552.6021 

51552.6141 

51552.6259 

51552.6378 

51552.6495 

51552.6613 

51552.6731 

51552.6849 


TDiDir 

(IDT 

20.90 

0.01 

20.94 

0.02 

20.92 

0.01 

21.03 

0.01 

20.99 

0.02 

21.04 

0.01 

21.04 

0.02 

21.08 

0.01 

21.04 

0.02 

21.10 

0.02 


53351.7698 

53351.7745 

53351.7791 

53351.7838 

53351.7885 

53351.7931 

53351.7978 

53359.6762 

53359.6808 

53359.6855 

53359.6901 


TD38^ 

(IDT 

20.40 

0.02 

20.38 

0.02 

20.37 

0.02 

20.43 

0.02 

20.35 

0.02 

20.43 

0.02 

20.39 

0.01 

20.39 

0.02 

20.34 

0.02 

20.36 

0.01 
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TABLE 5 

Pulsation Properties of Carina variable stars. 


ID 

Type 

Epoch 

Period (d) 

(I/)* 

(B)'’ 

{Vf 

</)'’ 

MU) 

A(S) 

A(V) 

A(/) 

3 

ab 

52351.2771 

0.5786581 

21.30" 

21.127 

20.771 

20.210 


1.256 

1.012 

0.637 

4 

c 

51548.6519 

0.3973509 

21.243 

20.995 

20.685 

20.234 

0.513 

0.663 

0.565 

0.356 

7 

ab 

51548.7025 

0.6033121 

21.43" 

21.104 

20.729 

20.212 


1.278 

1.087 

0.685 

10 

ab 

51548.7378 

0.5845143 

21.158 

21.070 

20.724 

20.203 

0.712 

1.367 

1.095 

0.690 

14 

AC 

51548.9240 

0.4766975 

20.510 

20.265 

19.994 

19.507 

0.838 

0.886 

0.745 

0.469 

17 

EB 

51548.5693 

0.3933393 

22.03" 

20.968 

19.606 

17.705 


0.092 

0.086 

0.059 

22 

ab 

51549.0012 

0.6380630 

21.209 

21.155 

20.746 

20.133 

0.757 

0.709 

0.518 

0.326 

24 

ab 

51548.5844 

0.6181987 

21.48" 

21.088 

20.730 

20.126 


0.909 

0.723 

0.456 

25 

B1 

52351.7201 

0.5956510 

21.20" 

21.077 

20.718 

20.128 


0.993 

0.856 

0.539 

27 

AC 

51549.1519 

1.0203875 

20.23" 

19.817 

19.376 

18.820 


1.118 

0.971 

0.612 

29 

AC 

51549.2591 

0.7178952 

19.297 

19.283 

19.013 

18.608 

1.152 

1.015 

0.811 

0.511 

30 

ab 

51548.7682 

0.6188105 

21.57" 

21.179 

20.774 

20.136 


0.893 

0.699 

0.441 

31 

B1 

51548.7359 

0.6457949 

21.39" 

21.154 

20.750 

20.093 


0.598 

0.468 

0.295 

32 

ab 

51548.6507 

0.6150517 

21.44" 

21.108 

20.723 

20.096 


0.875 

0.743 

0.468 

33 

AC 

51549.1187 

0.5836254 

20.47" 

20.055 

19.735 

19.155 


0.779 

0.645 

0.406 

34 

ab 

51548.8657 

0.5869516 

21.44" 

21.108 

20.767 

20.281 


1.281 

0.993 

0.625 

40 

c 

51548.6092 

0.3926228 

21.183 

21.125 

20.781 

20.223 

0.429 

0.525 

0.441 

0.278 

41 

AC 

51548.5461 

1.0381530 

19.77" 

19.393 

19.091 

18.577 


1.552 

1.215 

0.765 

43 

c 

51548.9153 

0.2992499 

21.31" 

20.945 

20.741 

20.353 


0.567 

0.477 

0.300 

44 

ab 

52351.3257 

0.6264277 

20.89" 

21.109 

20.740 

20.160 


1.181 

0.963 

0.607 

47 

c 

51548.7090 

0.3237674 

21.26" 

20.996 

20.762 

20.355 


0.760 

0.619 

0.390 

49 

ab 

51548.8332 

0.6815073 

21.30" 

21.106 

20.690 

20.052 


0.537 

0.419 

0.264 

57 

ab 

51548.5449 

0.6129016 

21.294 

21.195 

20.783 

20.185 

0.854 

0.854 

0.671 

0.423 

58 

ab 

52351.7078 

0.6194599 

21.119 

21.079 

20.690 

20.075 

0.688 

0.839 

0.644 

0.406 

60 

ab 

51549.4418 

0.6094132 

21.341 

21.148 

20.746 

20.157 

0.539 

1.016 

0.808 

0.509 

61 

B1 

51548.8037 

0.6213493 

21.28" 

21.070 

20.674 

20.088 


0.936 

0.795 

0.501 

65 

ab 

51548.6491 

0.6517109 

21.171 

21.079 

20.707 

20.109 

1.242 

1.069 

0.922 

0.581 

67 

ab 

51548.9560 

0.60372385 

21.064 

21.100 

20.726 

20.136 

0.763 

0.856 

0.716 

0.451 

68 

ab 

51548.5512 

0.6787359 

21.43" 

21.158 

20.721 

20.091 


0.430 

0.352 

0.222 

73 

ab 

51548.5572 

0.5695182 

21.11" 

21.100 

20.756 

20.184 


1.324 

1.134 

0.715 

75 

ab 

52345.7593 

0.5912161 

21.209 

21.192 

20.746 

20.164 

0.757 

0.682 

0.538 

0.339 

77 

B1 

51548.6782 

0.6043226 

21.38" 

21.101 

20.730 

20.138 


1.170 

0.837 

0.527 

84 

ab 

51548.9285 

0.6166815 

21.01" 

21.082 

20.722 

20.107 


0.954 

0.795 

0.501 

85 

ab 

51548.6088 

0.6405248 

21.078 

21.068 

20.666 

20.065 

0.594 

0.889 

0.654 

0.412 

87 

AC 

51548.9360 

0.8556130 

19.144 

18.975 

18.732 

18.353 

0.526 

0.644 

0.478 

0.301 

90 

ab 

51548.6598 

0.6313625 

21.46" 

21.135 

20.724 

20.145 


0.807 

0.636 

0.401 

91 

ab 

51548.7635 

0.7180705 

21.164 

21.105 

20.684 

20.023 

0.600 

0.751 

0.579 

0.365 

92 

ab 

51548.7778 

0.6301283 

21.112 

21.157 

20.737 

20.124 

0.677 

0.760 

0.619 

0.390 

105 

ab 

51548.4033 

0.6323014 

20.99" 

21.108 

20.699 

20.085 


0.834 

0.680 

0.428 

115 

AC 

51549.4635 

1.0109789 

19.284 

19.016 

18.703 

18.196 

0.547 

0.841 

0.691 

0.435 

116 

ab 

51548.2506 

0.6833133 

21.15" 

21.157 

20.758 

20.194 


0.938 

0.727 

0.458 

122 

ab 

51548.8260 

0.6314692 

21.096 

21.066 

20.673 

20.065 

0.905 

0.865 

0.734 

0.462 

123 

ab 

51548.5547 

0.6749693 

21.35" 

21.079 

20.674 

20.065 


0.829 

0.689 

0.434 

124 

ab 

51548.9470 

0.5917211 

21.34" 

21.043 

20.672 

20.139 


1.117 

0.899 

0.566 

125 

ab 

51548.4329 

0.5940963 

20.94" 

20.964 

20.641 

20.073 


1.332 

1.091 

0.688 

126 

B1 

51548.5952 

0.5570972 

21.23" 

21.072 

20.741 

20.160 


1.070 

0.917 

0.578 

127 

B1 

51548.3900 

0.6262952 

21.22" 

21.140 

20.744 

20.163 


0.694 

0.506 

0.319 

129 

AC 

51549.2201 

0.6301768 

19.477 

19.368 

19.107 

18.698 

0.788 

1.006 

0.802 

0.505 

133 

ab 

52351.8941 

0.6123127 

21.398 

21.160 

20.776 

20.237 

1.463 

1.011 

0.813 

0.512 

135 

ab 

51548.9530 

0.5909193 

21.30" 

20.982 

20.624 

20.091 


1.213 

0.945 

0.596 

136 

ab 

51548.1625 

0.631613 

21.24" 

21.099 

20.691 

20.064 


0.731 

0.575 

0.362 

138 

ab 

51548.3027 

0.6392611 

21.12" 

21.110 

20.704 

20.094 


0.691 

0.549 

0.346 

141 

ab 

51548.3418 

0.6353340 

21.20" 

21.143 

20.737 

20.144 


0.688 

0.532 

0.335 

142 

c 

51548.4286 

0.3635433 

21.05" 

21.004 

20.734 

20.254 


0.677 

0.548 

0.345 

143 

ab 

51548.6506 

0.6095789 

21.297 

21.063 

20.674 

20.116 

1.336 

0.934 

0.763 

0.481 

144 

c 

51548.9292 

0.3933566 

21.086 

20.969 

20.661 

20.153 

0.414 

0.545 

0.427 

0.269 

148 

c 

51548.7335 

0.3266545 

21.01" 

20.656 

20.444 

20.084 


0.701 

0.592 

0.373 

149 

AC 

51548.5879 

0.9177072 

20.96" 

20.444 

20.077 

19.488 


1.074 

0.888 

0.560 

151 

c 

51548.8155 

0.3418011 

21.35" 

21.125 

20.842 

20.374 


0.584 

0.465 

0.293 

153 

ab 

51548.4220 

0.6603692 

21.076 

21.072 

20.674 

20.083 

0.717 

0.670 

0.539 

0.339 

158 

ab 

51548.5230 

0.6324566 

20.902 

20.785 

20.330 

19.642 

0.715 

0.625 

0.458 

0.288 

159 

ab 

51548.5223 

0.5751520 

20.94" 

21.033 

20.702 

20.171 


1.164 

0.976 

0.615 

164 

ab 

51548.3880 

0.6339196 

21.38" 

21.095 

20.718 

20.104 


0.709 

0.569 

0.359 

165 

ab 

51548.6742 

0.5790136 

20.57" 

21.057 

20.751 

20.223 


1.315 

1.081 

0.681 

170 

ab 

51543.0033 

0.59'' 

21.06" 

21.04" 

20.79" 

20.26" 





171 

ab 

51542.6010 

0.66'' 

21.48" 

21.14" 

20.76" 

20.11" 





173 

RGB 

51549.1135 

0.657779 

20.79" 

19.573 

18.542 

17.25" 


0.095 

0.094 


174 

ab 

51548.5789 

0.6531203 

21.22" 

21.175 

20.756 

20.152 


0.507 

0.417 

0.263 

175 

c 

51548.8389 

0.3923778 

21.23" 

21.068 

20.739 

20.263 


0.532 

0.454 

0.286 

176 

ab 

51549.4881 

0.764565 

21.33" 

21.160 

20.715 

20.061 


0.264 

0.212 

0.133 

178 

AC 

51549.0958 

1.0155700 

19.25" 

19.535 

19.207 

18.768 


1.512 

1.244 

0.784 

179 

ab 

51548.7597 

0.6637945 

21.26" 

21.155 

20.719 

20.081 


0.247 

0.196 

0.124 

181 

c 

51549.0010 

0.2794913 

21.16" 

20.996 

20.781 

20.350 


0.095 

0.076 

0.048 

182 

ab 

51548.1454 

0.7889722 

20.48" 

20.588 

20.178 

19.571 


0.380 

0.323 

0.204 

183 

ab 

51548.7509 

0.612302 

21.21" 

20.963 

20.596 

20.013 


0.615 

0.508 

0.320 
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TABLE 5 — Continued 


ID 

Type 

Epoch 

Period (d) 

<£/>* 

(Bf 

{Vf 

(If 

MU) 

MB) 

A(V) 

A(/) 

184 

c 

51548.4830 

0.3951290 

21.165 

21.011 

20.714 

20.213 

0.499 

0.539 

0.422 

0.266 

185 

ab 

51548.5511 

0.6209146 

21.3r 

21.097 

20.731 

20.155 


0.871 

0.678 

0.427 

187 

AC 

51549.0083 

0.9502923 

19.42^ 

19.440 

19.166 

18.674 


1.389 

1.154 

0.727 

188 

ab 

51548.6637 

0.5973773 

21.19^^ 

21.019 

20.665 

20.143 


1.290 

1.127 

0.710 

189 

ab 

51548.8546 

0.7023692 

21.22^ 

21.028 

20.639 

20.044 


0.771 

0.647 

0.407 

190 

AC 

51549.2923 

1.1647103 

19.622 

19.478 

19.137 

18.547 

0.848 

1.546 

1.294 

0.815 

191 

ab 

51548.7011 

0.6502894 

21.066 

21.091 

20.686 

20.114 

0.633 

0.711 

0.561 

0.354 

193 

AC 

51549.1506 

0.4263580 

19.68^^ 

19.530 

19.284 

18.900 


0.172 

0.131 

0.082 

194 

FV 

51549.2016 

0.2645828 

16.32'^ 

16.076 

15.879 

15.525 


0.133 

0.123 

0.072 

195 

ab 

51548.5576 

0.6189680 

21.18^^ 

21.140 

20.769 

20.143 


0.646 

0.483 

0.304 

196 

ab 

51548.2819 

0.665989 

21.213 

21.081 

20.676 

20.132 

0.740 

0.500 

0.410 

0.258 

197 

c 

51548.7640 

0.2961717 

21.24^^ 

20.959 

20.739 

20.331 


0.390 

0.312 

0.197 

199 

ab 

51548.1840 

0.769925 

20.976 

20.999 

20.574 

19.942 

0.322 

0.485 

0.406 

0.256 

200 

ab 

51548.5254 

0.6373468 

21.24^^ 

21.156 

20.738 

20.101 


0.359 

0.289 

0.182 

201 

ab 

51548.5885 

0.7222435 

21.32'' 

21.133 

20.730 

20.084 


0.762 

0.632 

0.398 

203 

AC 

51549.2587 

0.9398875 

19.924 

19.820 

19.427 

18.838 

0.736 

1.052 

0.812 

0.511 

204 

ab 

51548.8631 

0.6332687 

21.40^ 

21.121 

20.725 

20.094 


0.654 

0.545 

0.344 

205 

AC 

51549.1382 

0.3833676 

20.189 

19.891 

19.668 

19.281 

0.399 

0.156 

0.145 

0.091 

206 

B1 

51548.5382 

0.587812 

21.48^ 

21.069 

20.700 

20.113 


1.192 

1.053 

0.664 

208 

ab 

52352.0043 

0.656594 

21.39^ 

21.125 

20.721 

20.073 


0.619 

0.484 

0.305 

214 

B1 

52352.3784 

0.6391863 

21.17'' 

21.031 

20.674 

20.077 


1.041 

0.753 

0.475 

216 

AC 

51549.6831 

1.079230 

19.32" 

19.258 

18.853 

18.201 


0.427 

0.303 

0.191 

217 

AC 

51549.7742 

0.9109459 

18.71" 

18.864 

18.600 

18.156 


0.839 

0.676 

0.425 

218 

AC 

52351.7154 

1.0086934 

20.44" 

20.141 

19.742 

19.224 


0.571 

0.485 

0.305 

219 

AC 

52352.9984 

1.365517 

19.58" 

19.277 

18.879 

18.252 


0.476 

0.387 

0.244 

220 

EB 

51548.7085 

0.37264174 

15.59" 

15.364 

14.681 

13.872 


0.733 

0.750 

0.663 

221 

WUma 

51549.0298 

1.783454 

22.01" 

20.551 

19.228 

17.43" 


0.165 

0.150 


222 

LP 

51519.2828 

329 

21.70" 

19.35" 

17.42" 

15.66" 





223 

ab 

52352.8734 

0.660937 

21.24" 

21.105 

20.715 

20.061 


0.309 

0.257 

0.162 

224 

LP 

52401.0706 

685 

20.10" 

21.05" 

20.47" 

19.83" 





226 

ab 

51549.3101 

0.669846 

21.12" 

21.086 

20.698 

20.082 


0.432 

0.322 

0.203 

227 

ab 

51550.7387 

0.5594254 


21.265 

20.940 

20.274 


0.876 

0.607 

0.382 

228 

ab 

51548.2822 

0.6290089 

20.86" 

21.082 

20.713 

20.083 


0.600 

0.500 

0.315 

229 

ab 

51548.3681 

0.6626030 

21.02" 

21.085 

20.681 

20.072 


0.449 

0.342 

0.235 

230 

AC 

52351.3174 

1.0025734 

19.73" 

19.580 

19.2546 

18.663 


1.353 

1.074 

0.677 

231 

EB 

51549.5699 

2.3831781 

21.19" 

21.36" 

21.23" 

20.97" 





232 

EB 

51548.7853 

0.4142902 

17.28" 

16.44" 

15.44" 

14.14" 





233 

EB 

51548.8868 

0.6378688 

22.48" 

22.37" 

22.26" 

22.14" 





234 

EB 

51548.4601 

0.5274709 

24.44" 

22.59" 

21.14" 

18.99" 





235 

EB 

51548.6759 

0.6539230 

18.54" 

18.43" 

17.74" 

16.89" 





236 

EB 

51548.7125 

0.3747540 

22.35" 

22.41" 

22.35" 

22.32 





237 

EB 

51548.7915 

0.4083364 

22.03" 

22.003 

21.761 

21.49" 


0.323 

0.314 



Epoch of maximum light. 

Intensity-averaged magnitudes. 

Median of individual magnitude measurements. 

Not enough data to fit a light curve, uncertain parameters. 
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TABLE 6 

Pulsation properties oe Carina RRj variable stars. 


ID 

Epoch 

Po 

(days) 

Pi/Po 

(days) 

<B> 

(mag) 

(mag) 

</> 

(mag) 

A(Bo) 

(mag) 

A{Bi) 

(mag) 

A{Vo) 

(mag) 

A(yi) 

(mag) 

A(/o) 

(mag) 

A(/i) 

(mag) 

Vll 

51548.9191 

0.543689 

0.745854 

21.080 

20.766 

20.247 

0.548 

0.341 

0.451 

0.339 

0.28 

0.21 

V26 

51548.9291 

0.562177 

0.745703 

20.990 

20.670 

20.162 

0.604 

0.488 

0.610 

0.395 

0.39 

0.25 

V74 

51548.7140 

0.533702 

0.747205 

21.059 

20.712 

20.246 

0.607 

0.222 

0.567 

0.263 

0.36 

0.17 

V89 

51548.6377 

0.519403 

0.746522 

21.102 

20.770 

20.222 

0.408 

0.384 

0.524 

0.278 

0.33 

0.17 

V192 

51549.0958 

0.541694 

0.748661 

21.030 

20.720 

20.252 

0.753 

0.525 

0.600 

0.345 

0.38 

0.22 

V198 

51548.6238 

0.530551 

0.745534 

21.058 

20.710 

20.192 

0.664 

0.323 

0.506 

0.334 

0.32 

0.21 

V207 

51549.1028 

0.541156 

0.746387 

21.122 

20.782 

20.215 

0.621 

0.548 

0.637 

0.349 

0.40 

0.22 

V210 

52351.5738 

0.57324 

0.75286 

21.010 

20.639 

20.048 

0.474 

0.275 

0.418 

0.218 

0.26 

0.14 

V225 

52351.8655 

0.57688 

0.74610 

20.960 

20.641 

20.147 

0.776 

0.363 

0.575 

0.324 

0.36 

0.20 
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TABLE 7 

Pulsation properties for the nine extra-tidal variables (six RRLs, four ACs) identified 

BY VM13 


ID 

Type 

P 

(days) 

(B) 

(mag) 

(V) 

(mag) 

MB) 

(mag) 

MV) 

(mag) 

RRL-1 

ab 

0.629 

20.94 

20.55 

0.55 

0.45 

RRL-2 

ab 

0.523 

21.04 

20.60 

0.83 

0.65 

RRL-3 

ab 

0.544 

21.06 

20.62 

0.56 

0.46 

RRL^ 

c 

0.204 

21.32 

20.85 

0.17 

0.24 

RRL-5 

c 

0.107 

21.27 

20.82 

0.14 

0.27 

RRL-38 

c 

0.189 

21.18 

20.77 

0.41 

0.31 

AC-1 


0.186 

20.44 

19.95 

0.21 

0.20 

AC-9 


0.476 

19.21 

19.13 

0.36 

0.55 

AC-10 


0.163 

19.71 

19.35 

0.18 

0.32 
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TABLE 8 

Number of RR^ hosted in the stellar systems plotted in Figure[7]and their references. 
Columns 4 and 5 give the iron abundances of the hosting stellar system and their 

REFERENCES. 


System 

N 

Reference 

[Fetm 

Reference 

NGC 2419 

1 

Clemen^^^^^^22) 

-2.20± 0.09 

Carretta et al. (20091 

NGC 6426 

1 

Clement et al. (1993) 

-2.33±0.15 

Hatzidimitrioii et al. 119991 

LMC 

985 

Soszvhski et a . f2()()f)) 

-0.33±0.13 

Romanie o et al. ( 2 ( 1 ) 0 ^)" 

SMC 

257 

Soszvnski et a . (2010) 

-0.75±0.08 

Romanie o et al. 120081“ 

Bulge 

173 

Soszvriski et al. (2014) 

-1.5/-0.5 

Zoccali et al. 120081* 

Halo (NSV 09295) 

1 

Garcia-Melendo & Clement (1997) 

-1.5 

Lavden^994) 

Halo (AQ Leo) 

1 

Clement et al. (1991) 

-1.5 

Lavden (1994) 

Halo (VIIHO, VIII-58) 

2 

C emen^^^^^92^) 

-1.5 

^av( 


Halo (CU Com) 

1 

C ementini et al.^2000) 

-1.5 

^av( 

en 1 994) 

Halo (ASAS) 

32 

Poimanski 12002) 

-1.5 

Lavden^994) 

M3 

8 

CJlementim e^F^2004) 

-1.50± 0.05 

^metta etff (20091 

IC4499 

16 

Walker & Neme^^926) 

-1.62±0.09 

Carretta et al. (20091 

M68 

12 

Walker (19941 

-2.27±0.04 

Carretta et al. 120091 

M15 

14 

Nemec Q98^) 

-2.33±0.02 

Carretta et al. (20091 

Draco 

10 

Nemec^92^) 

-1.98±0.01 

Kirhv et al. (20 ^) 

Sculptor 

18 

Kovacs (20011 

-1.68±0.01 

Kirbv et al. (20 3) 

Sagittarius 

40 

Cseresnjes (20W) 

-0.62±0.2 

Carretta et al. (20101 


Mean iron abundances and standard deviations of classical Cepheids based on 
high spectral resolution spectra. Metal abundances for 98 LMC RRLs was pro¬ 
vided by IGratton et al.l I20Q4I) using low-resolution spectra and found {FejH] = 

-1.48 ± 0.03 ± 0.06. Metal abundances for SMC RRLs are not available. The 

iron abundance of the single SMC GC (NGC 121) is [Fe/H]=—1.19±0.12 provided 
bv iDa Costa & Hatzidimitrioi] 1199^ . 

^ Range in iron abundance covered by red giants in the Galactic bulge. The iron abun¬ 
dance of Bulge RRLs was provided bv lWalker & TerndruiJ Jl991l) [Fe/H]=-1.00±0.16 
using low-resolution spectra. 
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TABLE 9 

Results of the empirical fit of Period-Wesenheit relations W = a + f3 log Pf. 


a 

/? 

rms 

W(B, V) = 

My - 3.06(B - 

■V) 

(18.98±0.03) 

(-2.7±0.1) 

0.07 

W(B, I) = 

M, - 0.78(B - 

/) 

(18.84±0.03) 

(-2.6±0.1) 

0.06 

WiVJ) = 

Mi - 1.38(E- 

I) 

(18.80±0.03) 

(-2.5±0.1) 

0.08 

W{y,Bl) = 

Mv - 1.34(B- 

-/) 

(18.88±0.03) 

(-2.6±0.1) 

0.06 
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TABLE 10 

Periods, B and V mean magnitudes, true distance moduli and me tallicity for the five 
FIELD RRLs STARS by IBenedict ET alJ <201 ID . 


Name 

logP 

<B> 

< y > 


[Fe/H] 

RR Lyr 

-0.24655 

8.07±0.01 

7.75±0.01 

7.14±0.07 

-1.41±0.13 

SUDra 

-0.18018 

10.23±0.01 

9.95±0.01 

9.35±0.24 

-1.80±0.2 

UVOct 

-0.26552 

9.71±0.01 

9.35±0.01 

8.87±0.13 

-1.47±0.11 

XZCyg 

-0.33107 

10.13±0.01 

9.84±0.01 

8.98±0.22 

-1.44±0.2 

RZ Cep 

-0.38352 

9.92±0.01 

9.46±0.01 

8.03±0.16 

-1.77±0.2 


The distance moduli in this column are slightly different than those in Table 8 
of lBenedict et alJ<2Ql II) due to typographical errors in the paper. 

Iron abundances are on the IZinn & Wesd <19841) metallicity scale according 
to lBenedict et al.l <20111) , (see their Table 1). 
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TABLE 11 

Carina true distance moduli based on different diagnostics. 



E(B-V) 

Method 

Reference 

20.06 ±0.12 

0.025 

PL (DC) 

Mateo et al. tlQOSl 

20.10 ±0.12 

0.03 

PLC 

D03 

20.00 ±0.10 

0.03 

PLA 

DOS 

20.10 ±0.04 

0.03 

FOBE 

D03 

20.11 ±0.13 

0.06 

TRGB 

Piefrzvnski ef al. I'2nn9'l 

20.17 ±0.10 

0.063 

PL (DC) 

Vivas & Mateo 120131 

20.09 ± 0.07 

0.03 

PLW 

Paper VI 
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TABLE 12 

Pulsation Properties oe the new Carina SX Phe. 


ID 

a 

5 

Period (d) 

{Bf 

{V? 

</)*’ 

341 

06 40 14.14 

-51 01 23.4 

0.05898004 

23.11 

22.85 

22.42 

342 

06 40 15.46 

-51 08 31.2 

0.06404925 

23.25 

22.94 

22.50 

343 

06 40 17.76 

-50 56 06.0 

0.06189917 

22.99 

22.70 

22.33 

344 

06 40 23.45 

-51 00 18.5 

0.05700707 

23.39 

23.04 

22.49 

345 

06 40 23.84 

-50 55 16.0 

0.0616327 

23.28 

23.04 

22.65 

346 

06 40 26.44 

-50 55 12.2 

0.06983306 

23.20 

22.93 

22.48 

347 

06 40 34.03 

-50 56 36.9 

0.06382168 

23.17 

22.92 

22.49 

348 

06 40 38.49 

-50 50 34.2 

0.05887662 

23.01 

22.74 

22.34 

349 

06 40 38.82 

-51 13 52.6 

0.05220283 

23.32 

23.03 

22.61 

350 

06 40 40.71 

-50 58 29.0 

0.05225971 

23.12 

22.86 

22.49 

351 

06 40 49.07 

-50 53 10.6 

0.06510992 

23.34 

23.04 

22.62 

352 

06 40 49.13 

-50 54 37.1 

0.05555380 

22.84 

22.58 

22.16 

353 

06 40 49.50 

-51 01 26.7 

0.05860522 

23.17 

22.92 

22.62 

354 

06 40 55.07 

-50 55 18.3 

0.0559396 

23.35 

23.06 

22.65 

355 

06 40 58.61 

-50 55 05.4 

0.06195699 

23.33 

23.07 

22.74 

356 

06 40 59.22 

-50 56 52.2 

0.05387742 

23.26 

22.97 

22.55 

357 

06 41 02.69 

-50 57 05.9 

0.05802369 

23.41 

23.09 

22.66 

358 

06 41 03.13 

-50 51 51.1 

0.04853505 

23.10 

22.86 

22.51 

359 

06 41 02.86 

-50 58 00.1 

0.05870867 

23.29 

23.04 

22.49 

360 

06 41 04.51 

-50 55 07.3 

0.05059894 

23.05 

22.80 

22.41 

361 

06 41 07.09 

-50 47 50.9 

0.05405631 

23.33 

23.07 

22.59 

362 

06 41 06.85 

-51 04 14.1 

0.05004092 

22.89 

22.57 

22.18 

363 

06 41 08.60 

-50 54 35.8 

0.0591939 

23.29 

23.04 

22.67 

364 

0641 11.16 

-51 00 11.8 

0.06534271 

23.29 

23.00 

22.63 

365 

06 41 12.44 

-50 45 31.2 

0.05781447 

23.33 

23.06 

22.60 

366 

06 41 13.10 

-51 09 07.4 

0.05277468 

23.28 

23.04 

22.64 

367 

06 41 14.32 

-51 01 57.8 

0.06230673 

23.19 

22.90 

22.45 

368 

06 41 14.88 

-50 55 16.6 

0.07088727 

23.21 

22.88 

22.46 

369 

06 41 15.33 

-50 55 12.5 

0.05923093 

23.29 

23.03 

22.63 

370 

06 41 16.36 

-50 54 36.0 

0.05263070 

23.24 

22.97 

22.53 

371 

06 41 18.51 

-50 51 48.0 

0.0610961 

23.14 

22.87 

22.49 

372 

06 41 23.09 

-51 07 42.1 

0.06317447 

22.99 

22.66 

22.28 

373 

06 41 24.30 

-50 59 25.6 

0.05712586 

23.41 

23.10 

22.61 

374 

06 41 24.29 

-51 04 21.8 

0.05256096 

23.02 

22.67 

22.28 

375 

06 41 25.07 

-50 55 53.9 

0.07412219 

23.06 

22.75 

22.33 

376 

06 41 26.05 

-51 12 19.0 

0.0739414 

23.20 

22.86 

22.46 

377 

06 41 28.18 

-50 55 26.9 

0.05301314 

23.06 

22.73 

22.34 

378 

06 41 28.80 

-50 43 11.2 

0.05483068 

23.42 

23.12 

22.71 

379 

06 41 28.81 

-51 00 20.0 

0.07092323 

23.12 

22.80 

22.38 

380 

06 41 29.87 

-50 52 05.1 

0.06527955 

22.99 

22.67 

22.27 

381 

06 41 32.44 

-50 47 57.3 

0.07488229 

22.96 

22.63 

22.19 

382 

06 41 32.63 

-50 57 43.7 

0.07197212 

23.31 

22.98 

22.63 

383 

06 41 32.93 

-50 52 54.2 

0.1594306 

23.28 

23.07 

22.78 

384 

06 41 33.43 

-50 52 48.5 

0.05863985 

23.32 

22.98 

22.49 

385 

06 41 33.65 

-50 57 37.8 

0.05633247 

22.80 

22.49 

22.19 

386 

06 41 35.77 

-51 00 39.1 

0.0636862 

23.20 

22.95 

22.52 

387 

06 41 36.96 

-50 57 47.0 

0.05627784 

23.37 

23.13 

22.73 

388 

06 41 37.74 

-50 55 13.6 

0.06400101 

23.15 

22.85 

22.52 

389 

06 41 37.61 

-50 58 58.0 

0.07160168 

23.06 

22.75 

22.44 

390 

06 41 39.58 

-50 57 01.2 

0.0582159 

23.32 

22.99 

22.60 

391 

06 41 42.92 

-50 52 31.4 

0.06104802 

23.23 

22.91 

22.43 

392 

06 41 44.17 

-50 44 22.9 

0.06385933 

22.74 

22.45 

21.87 

393 

06 41 44.84 

-51 03 48.3 

0.05746218 

23.37 

23.09 

22.72 

394 

06 41 45.69 

-50 50 01.3 

0.04855492 

23.15 

22.89 

22.62 

395 

06 41 49.86 

-51 00 21.5 

0.05655043 

22.86 

22.62 

22.33 

396 

06 41 49.87 

-51 00 32.4 

0.06046970 

23.26 

22.94 

22.55 

397 

06 41 51.00 

-50 58 05.9 

0.0645517 

23.40 

23.09 

22.70 

398 

06 41 51.59 

-50 53 05.0 

0.06014112 

23.39 

23.09 

22.67 

399 

06 41 51.66 

-50 56 08.9 

0.04527754 

23.17 

22.93 

22.58 

400 

06 41 57.09 

-50 55 08.0 

0.06364862 

23.24 

22.95 

22.49 

401 

06 41 58.08 

-50 57 58.1 

0.05734282 

23.12 

22.84 

22.47 

402 

06 41 59.28 

-51 00 00.0 

0.07441239 

23.12 

22.85 

22.39 

403 

06 41 59.76 

-50 55 35.4 

0.04671546 

23.17 

22.90 

22.48 

404 

06 42 00.27 

-50 52 19.9 

0.06205412 

23.28 

22.97 

22.63 

405 

06 42 01.47 

-50 52 27.1 

0.06348319 

23.37 

23.01 

22.55 

406 

06 42 01.82 

-50 51 30.4 

0.06373945 

23.04 

22.74 

22.35 

407 

06 42 03.52 

-50 57 33.5 

0.05525245 

23.19 

22.92 

23.19 

408 

06 42 03.49 

-51 01 12.2 

0.05567260 

23.20 

22.95 

22.54 

409 

06 42 05.51 

-50 57 43.0 

0.05779336 

23.38 

23.03 

22.66 

410 

06 42 07.77 

-51 00 51.5 

0.05261781 

23.19 

22.92 

22.45 

411 

06 42 08.13 

-50 52 36.7 

0.06459468 

23.11 

22.82 

22.37 

412 

06 42 09.22 

-50 55 36.2 

0.05646218 

23.27 

22.98 

22.58 

413 

06 42 09.61 

-51 01 03.4 

0.06032828 

23.34 

23.02 

22.54 

414 

06 42 12.67 

-50 56 23.8 

0.05842271 

23.22 

22.87 

22.42 

415 

06 42 13.13 

-50 56 01.6 

0.05598982 

23.18 

22.89 

22.44 

416 

06 42 17.19 

-50 51 18.2 

0.05422022 

23.33 

23.07 

22.63 
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TABLE 12 — Continued 


ID 

a 

5 

Period (d) 

(B)* 

(V)‘’ 

(I)’’ 

417 

06 42 17.68 

-50 48 39.2 

0.06434278 

23.26 

22.98 

22.63 

418 

06 42 19.08 

-50 47 46.7 

0.05607941 

23.22 

22.92 

22.50 

419 

06 42 19.88 

-50 45 04.8 

0.05780775 

23.36 

23.07 

22.50 

420 

06 42 21.25 

-50 45 35.8 

0.06575657 

23.15 

22.87 

22.43 

421 

06 42 22.01 

-50 50 06.5 

0.05161476 

23.36 

23.07 

22.65 

422 

06 42 23.24 

-50 54 50.4 

0.07029254 

23.13 

22.84 

22.23 

423 

06 42 23.67 

-50 49 16.7 

0.06527164 

23.08 

22.83 

22.48 

424 

06 42 24.87 

-51 03 02.1 

0.07014507 

23.22 

22.92 

22.37 

425 

06 42 25.71 

-50 57 00.4 

0.05172937 

23.28 

23.00 

22.53 

426 

06 42 30.36 

-50 49 05.9 

0.06320298 

23.10 

22.87 

22.50 

427 

06 42 31.01 

-50 46 02.6 

0.05587489 

23.38 

23.13 

22.70 

428 

06 42 31.58 

-50 57 28.1 

0.05228718 

23.36 

23.05 

22.65 

429 

06 42 33.88 

-50 48 46.0 

0.05360831 

23.33 

23.11 

22.53 

430 

06 42 33.99 

-50 48 03.3 

0.05866563 

23.39 

23.10 

22.64 

431 

06 42 35.21 

-50 55 04.0 

0.05962675 

23.40 

23.08 

22.66 

432 

06 42 35.53 

-51 02 22.6 

0.05995828 

23.35 

23.05 

22.58 

433 

06 42 37.57 

-50 57 41.4 

0.05497264 

23.37 

23.10 

22.67 

434 

06 42 38.39 

-50 53 16.7 

0.07192960 

23.24 

22.93 

22.43 

435 

06 42 41.09 

-50 49 38.2 

0.06649085 

23.34 

23.04 

22.64 

436 

06 42 42.07 

-50 57 31.2 

0.05926036 

23.39 

23.13 

22.70 

437 

06 42 49.56 

-50 51 53.9 

0.05158018 

23.30 

23.05 

22.70 

438 

06 42 55.43 

-50 54 43.3 

0.06550635 

23.29 

23.00 

22.60 

439 

06 42 55.57 

-50 52 55.2 

0.06189711 

23.35 

23.08 

22.59 

440 

06 43 01.04 

-50 52 07.7 

0.05804751 

23.35 

23.09 

22.70 

441 

06 43 04.87 

-50 53 45.1 

0.06346540 

23.26 

22.98 

22.62 

442 

06 43 25.38 

-50 52 26.9 

0.05947808 

23.28 

23.05 

22.65 



Coppola et al. 

TABLE 13 

Pulsation Properties oe the known Carina SX Phe. 


ID 

a 

5 

Period (d) 

<B>*’ 

(V/ 

</>* 

M98 

7 

06 39 53.11 

-51 04 31.5 

0.05861265 

23.43 

23.13 

22.12 


8 

06 39 56.16 

-51 06 43.6 

0.0840233 

22.66 

22.36 

21.92 


9 

06 40 00.79 

-50 57 58.5 

0.06283058 

23.33 

23.04 

22.45 


10 

06 40 03.36 

-51 07 55.6 

0.06600411 

23.19 

22.93 

22.43 


11 

06 40 06.08 

-50 55 58.0 

0.0566776 

23.32 

23.04 

22.58 


12 

06 40 14.68 

-51 05 05.0 

0.05116040 

23.46 

23.18 



13 

06 40 17.93 

-50 56 33.7 

0.0572522 

23.27 

23.01 

22.59 


14 

06 40 18.59 

-51 03 01.9 

0.05801669 

23.33 

23.06 

22.67 


15 

06 40 21.39 

-51 01 02.2 

0.06133516 

23.14 

22.92 

22.57 


16 

06 40 23.91 

-51 06 44.4 

0.06490812 

23.16 

22.90 

22.50 


17 

06 40 27.16 

-51 06 17.6 

0.06391992 

23.31 

22.99 

22.52 


18 

06 40 27.18 

-51 01 03.4 

0.06005208 

23.36 

23.07 

22.66 


19 

06 40 28.33 

-50 52 58.8 

0.05846323 

23.16 

22.94 

22.64 


20 

06 40 29.07 

-50 55 58.4 

0.05692126 

23.28 

23.01 

22.49 


21 

06 40 31.67 

-51 08 54.2 

0.07130197 

23.12 

22.81 

22.37 


22 

06 40 32.86 

-51 01 43.4 

0.05866617 

23.27 

23.00 

22.54 


23 

06 40 35.66 

-50 56 48.1 

0.05035238 

23.51 

23.23 

22.83 


24 

06 40 37.79 

-50 58 11.5 

0.05697949 

23.30 

23.03 

22.61 


25 

06 40 38.21 

-50 58 04.9 

0.05765942 

23.31 

23.03 

22.58 


26 

06 40 38.84 

-50 58 39.7 

0.05955433 

23.28 

23.03 

22.64 


27 

06 40 39.93 

-51 00 32.7 

0.06096031 

23.28 

22.99 

22.61 


28 

06 40 40.56 

-51 02 30.7 

0.06020401 

23.08 

22.77 

22.35 


29 

06 40 41.70 

-50 59 10.5 

0.05311877 

23.11 

22.84 

22.44 


30 

06 40 45.02 

-50 59 29.4 

0.06503761 

23.02 

22.70 

22.30 


31 

06 40 45.26 

-51 06 18.6 

0.06037914 

23.35 

23.04 

22.56 


32 

06 40 46.39 

-50 57 53.4 

0.05804718 

23.26 

22.98 

22.58 


33 

06 40 46.64 

-51 09 37.3 

0.05529873 

23.38 

23.09 

22.65 


34 

06 40 46.76 

-50 52 17.5 

0.05526398 

23.29 

23.03 

22.64 


35 

06 40 47.68 

-50 56 44.1 

0.06166175 

23.26 

22.94 

22.48 


36 

06 40 48.00 

-50 58 33.9 

0.05985196 

23.17 

22.90 

22.49 


37 

06 40 48.47 

-51 10 55.6 

0.05410886 

23.36 

23.03 

22.62 


38 

06 40 48.81 

-51 00 41.2 

0.05365485 

23.32 

23.02 

22.58 


39 

06 40 50.04 

-50 59 24.6 

0.05440634 

23.28 

23.01 

22.57 


40 

06 40 50.29 

-51 09 31.2 

0.05952932 

23.24 

22.91 

22.47 


41 

06 40 50.86 

-50 59 28.7 

0.06489616 

22.82 

22.50 

22.11 


42 

06 40 51.77 

-51 07 16.9 

0.05697602 

23.18 

22.87 

22.48 


43 

06 40 53.52 

-51 07 14.6 

0.06162396 

23.25 

22.94 

22.46 


44 

06 40 54.40 

-51 01 28.4 

0.06879427 

22.27 

22.04 

21.49 


45 

06 40 55.63 

-51 00 43.0 

0.05688051 

23.39 

23.09 

22.72 

V4 

46 

06 40 57.65 

-50 56 09.5 

0.06778138 

23.04 

22.74 

22.26 


47 

06 40 57.88 

-51 02 07.9 

0.05986604 

23.23 

22.98 

22.48 


48 

06 40 59.18 

-50 49 44.3 

0.0565391 

23.31 

23.04 

22.74 


49 

06 40 59.27 

-50 50 31.6 

0.05626531 

23.40 

23.14 

22.69 


50 

06 40 59.31 

-50 56 49.1 

0.07320810 

22.71 

22.42 

22.00 


51 

06 40 59.92 

-50 48 44.6 

0.05879641 

23.37 

23.08 

22.50 


52 

06 41 00.18 

-51 07 26.7 

0.06380392 

23.31 

23.00 

22.55 


53 

06 41 00.50 

-50 54 53.6 

0.05843550 

23.27 

22.99 

22.51 


54 

06 41 00.89 

-51 00 01.1 

0.06134829 

23.33 

23.06 

22.64 


55 

06 41 02.48 

-51 00 25.8 

0.05870253 

23.32 

23.01 

22.65 

V5 

56 

06 41 02.98 

-50 58 41.1 

0.05851668 

23.29 

23.00 

22.59 

V12 

57 

06 41 03.29 

-50 56 14.8 

0.05586523 

23.31 

23.01 

22.15 


58 

06 41 03.89 

-50 58 44.1 

0.05123522 

23.54 

23.27 

22.59 


59 

06 41 05.03 

-51 05 15.2 

0.06586275 

22.88 

22.59 

22.18 


60 

06 41 05.44 

-50 48 27.0 

0.05964722 

23.32 

23.04 

22.42 


61 

06 41 05.72 

-50 57 44.1 

0.06627047 

22.84 

22.54 

22.13 


62 

06 41 06.14 

-50 51 51.3 

0.04596514 

23.45 

23.23 



63 

06 41 06.37 

-50 49 23.2 

0.05920742 

23.37 

23.06 

22.53 


64 

06 41 06.61 

-51 08 44.1 

0.05839355 

23.37 

23.07 

22.64 

VIO 

65 

06 41 06.93 

-50 59 18.4 

0.06264205 

23.26 

23.00 

22.57 


66 

06 41 07.69 

-50 52 34.0 

0.0525963 

23.37 

23.10 

22.65 


67 

06 41 07.88 

-50 56 00.9 

0.06022396 

23.35 

23.06 

22.61 

V16 

68 

06 41 08.76 

-50 54 27.4 

0.06496999 

23.15 

22.84 

22.31 


69 

06 41 09.70 

-50 57 37.9 

0.05489874 

23.33 

23.01 

22.61 


70 

06 41 11.27 

-50 57 41.0 

0.05504275 

22.94 

22.65 

22.22 


71 

06 41 11.73 

-51 01 35.5 

0.05628829 

23.36 

23.06 

22.69 


72 

06 41 12.00 

-50 53 01.6 

0.05684917 

23.48 

23.18 

22.68 


73 

06 41 12.06 

-50 56 40.2 

0.05332273 

23.55 

23.25 

22.79 


74 

06 41 12.44 

-50 53 10.8 

0.06307089 

22.90 

22.57 

22.09 


76 

06 41 13.33 

-50 56 31.5 

0.07069207 

22.84 

22.53 

22.06 


77 

06 41 13.43 

-50 53 08.2 

0.0641156 

23.17 

22.86 

22.48 


78 

06 41 14.31 

-50 59 32.8 

0.07554039 

23.11 

22.79 

22.41 

V9 

79 

06 41 14.59 

-51 02 49.3 

0.06153187 

23.19 

22.93 

22.51 


80 

06 41 14.69 

-51 08 44.1 

0.05600743 

23.35 

23.09 

22.59 


81 

06 41 14.75 

-50 59 20.3 

0.06095969 

22.53 

22.11 

21.50 


82 

06 41 15.38 

-51 08 24.3 

0.05954823 

22.93 

22.60 

22.16 


83 

06 41 15.89 

-50 55 44.0 

0.05754453 

23.17 

22.92 

22.56 

V15 







27 


On hydrogen and helium burning variables 

TABLE 13 — Continued 


ID 

a 

S 

Period (d) 



</>* 

M98 

84 

06 41 

16.15 

-51 02 56.8 

0.06525352 

23.25 

22.96 

22.60 


85 

06 41 

16.81 

-51 03 55.9 

0.06078077 

23.26 

22.89 

21.68 


86 

06 41 

16.87 

-50 53 05.0 

0.06751050 

23.00 

22.71 

22.28 


87 

06 41 

16.89 

-51 03 45.9 

0.06586277 

22.88 

22.59 

22.18 


88 

06 41 

17.29 

-51 05 26.6 

0.05904829 

22.87 

22.55 

22.06 


89 

06 41 

17.81 

-50 56 01.9 

0.05871582 

22.99 

22.72 

22.31 


90 

06 41 

18.05 

-50 56 40.5 

0.06652948 

22.59 

22.35 

22.02 

V14 

91 

06 41 

18.09 

-51 03 17.0 

0.06557268 

23.14 

22.83 

22.39 


92 

06 41 

18.13 

-50 59 34.1 

0.05762093 

23.55 

23.23 

22.80 


93 

06 41 

18.2 

-50 52 52.5 

0.05359279 

23.41 

23.11 

22.69 


94 

06 41 

19.06 

-50 56 10.9 

0.0604939 

23.33 

23.04 

22.54 


95 

06 41 

19.67 

-51 09 57.5 

0.05337312 

23.33 

22.99 

22.52 


96 

06 41 

20.01 

-50 59 5.9 

0.06881335 

22.98 

22.68 

22.29 


97 

06 41 

20.42 

-50 59 40.7 

0.06044260 

23.24 

22.89 

22.45 


98 

06 41 

20.9 

-50 58 3.0 

0.05979826 

23.32 

23.04 

22.48 


99 

06 41 

21.19 

-51 02 6.5 

0.06289669 

23.26 

22.99 

22.53 


100 

06 41 

21.42 

-50 57 13.2 

0.05890563 

23.43 

23.13 

22.79 


101 

06 41 

21.56 

-51 00 41.5 

0.05224501 

23.42 

23.12 

22.77 


102 

06 41 

21.92 

-50 57 7.7 

0.05272663 

23.31 

23.04 

22.70 


103 

06 41 

22.15 

-50 57 13.5 

0.05679868 

22.87 

22.57 

22.19 


104 

06 41 

22.26 

-50 57 9.4 

0.05467434 

23.17 

22.90 

22.48 


105 

06 41 

22.36 

-50 58 56.5 

0.0604251 

23.33 

23.07 

22.71 


106 

06 41 

22.62 

-50 51 48.9 

0.07006015 

22.84 

22.53 

22.07 


107 

06 41 

23.17 

-51 01 54.1 

0.06589533 

23.21 

22.91 

22.49 


108 

06 41 

23.31 

-51 01 7.3 

0.06002635 

23.39 

23.12 

22.69 


109 

06 41 

23.56 

-50 53 55.7 

0.06008917 

23.36 

23.05 

22.60 


110 

06 41 

23.56 

-51 02 56.0 

0.05742446 

23.43 

23.14 

22.76 


112 

06 41 

25.16 

-50 42 27.2 

0.05093029 

23.02 

22.77 

22.23 


113 

06 41 

25.22 

-50 58 20.6 

0.05366079 

23.37 

23.10 

22.57 


114 

06 41 

25.47 

-51 00 12.5 

0.06051002 

22.58 

22.31 

21.93 


115 

06 41 

26.0 

-51 03 26.0 

0.06565715 

23.38 

23.10 

22.63 


116 

06 41 

26.02 

-51 06 5.0 

0.05160868 

23.48 

23.16 

22.83 


117 

06 41 

26.17 

-51 07 16.5 

0.05743431 

23.52 

23.19 

22.82 


118 

06 41 

26.34 

-50 57 43.9 

0.05157820 

23.54 

23.25 

22.76 


119 

06 41 

26.39 

-50 56 20.9 

0.05193595 

23.50 

23.19 

22.80 


120 

06 41 

26.67 

-50 58 21.6 

0.06033252 

23.04 

22.75 

22.37 


121 

06 41 

27.07 

-50 53 0.9 

0.05577754 

23.29 

23.02 

22.58 


122 

06 41 

27.8 

-51 01 26.0 

0.04680622 

23.19 

22.89 

22.45 


123 

06 41 

27.8 

-50 59 1.0 

0.05847475 

23.44 

23.15 

22.67 


124 

06 41 

27.83 

-50 55 41.8 

0.05863472 

23.21 

22.87 

22.48 


125 

06 41 

28.21 

-50 53 37.1 

0.05675304 

23.17 

22.84 

22.38 


126 

06 41 

28.45 

-50 59 8.5 

0.06369570 

23.10 

22.84 

22.51 


127 

06 41 

28.71 

-50 58 11.1 

0.0601055 

23.39 

23.06 

22.69 


128 

06 41 

28.8 

-50 51 35.4 

0.0527838 

23.31 

23.04 

22.63 


129 

06 41 

29.04 

-50 53 19.0 

0.0544041 

23.35 

23.08 

22.51 


130 

06 41 

29.21 

-51 00 23.5 

0.05956936 

22.84 

22.52 

22.07 


131 

06 41 

29.35 

-50 55 44.1 

0.06545531 

23.25 

22.96 

22.46 


132 

06 41 

29.44 

-50 57 39.1 

0.06719052 

23.25 

22.96 

22.56 

V13 

133 

06 41 

29.67 

-50 53 14.4 

0.05464765 

23.39 

23.11 

22.61 


134 

06 41 

29.85 

-51 02 34.7 

0.05504185 

23.44 

23.14 

22.71 


135 

06 41 

29.87 

-50 59 37.8 

0.0534139 

23.49 

23.17 

22.69 


136 

06 41 

30.25 

-51 09 3.2 

0.04970627 

23.40 

23.10 

22.54 


137 

06 41 

30.42 

-50 51 29.1 

0.0529662 

23.36 

23.10 

22.72 


138 

06 41 

30.47 

-50 48 15.3 

0.05815515 

23.41 

23.09 



139 

06 41 

30.79 

-50 55 23.3 

0.0644954 

23.26 

22.94 

22.52 


140 

06 41 

30.97 

-51 06 27.7 

0.05051116 

23.45 

23.08 



141 

06 41 

32.25 

-51 02 38.5 

0.05788590 

23.48 

23.14 

22.76 


142 

06 41 

32.56 

-51 00 56.0 

0.06607394 

23.31 

22.97 

22.52 


143 

06 41 

32.68 

-50 52 58.7 

0.06626448 

23.27 

22.97 

22.55 


145 

06 41 

32.88 

-50 57 21.9 

0.05559422 

23.30 

23.05 

22.53 


146 

06 41 

33.29 

-50 55 52.0 

0.05518256 

23.42 

23.14 

22.64 


147 

06 41 

33.31 

-50 56 21.0 

0.0516737 

23.27 

22.97 

22.51 


148 

06 41 

33.49 

-50 52 16.3 

0.04502640 

23.46 

23.21 



149 

06 41 

33.6 

-50 53 17.2 

0.06592061 

23.15 

22.84 

22.50 


150 

06 41 

33.68 

-51 02 22.5 

0.0607464 

23.27 

22.95 

22.64 


151 

06 41 

33.87 

-50 57 52.6 

0.05790728 

23.09 

22.83 

22.43 


152 

06 41 

34.1 

-51 04 52.1 

0.05515096 

23.48 

23.13 

22.65 


153 

06 41 

34.39 

-50 59 44.7 

0.08287027 

22.66 

22.33 

21.90 


154 

06 41 

34.74 

-50 52 58.7 

0.05223474 

23.53 

23.24 



155 

06 41 

35.37 

-51 07 57.2 

0.05196965 

23.55 

23.25 



156 

06 41 

35.62 

-50 52 21.0 

0.05518927 

23.46 

23.17 

22.75 


157 

06 41 

36.08 

-51 00 31.2 

0.06138969 

23.57 

23.26 

22.64 


159 

06 41 

36.81 

-50 58 30.4 

0.06345606 

22.93 

22.63 

22.10 


160 

06 41 

36.91 

-51 05 46.8 

0.794001 

22.95 

22.64 

17.16 


161 

06 41 

37.15 

-51 07 26.0 

0.06743787 

23.32 

22.98 

22.26 


162 

06 41 

37.44 

-50 57 44.1 

0.04950919 

23.44 

23.16 



163 

06 41 

37.52 

-50 55 54.8 

0.05993709 

23.45 

23.14 

22.58 
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Coppola et al. 

TABLE 13 — Continued 


ID 

a 

S 

Period (d) 

(Bf 


{If 

M98 

164 

06 41 

37.61 

-50 59 41.7 

0.06221228 

23.13 

22.88 

22.04 


165 

06 41 

37.68 

-50 55 46.8 

0.05804816 

23.26 

23.00 

22.46 


166 

06 41 

37.77 

-50 59 30.2 

0.06451736 

23.14 

22.87 

22.49 


167 

06 41 

38.48 

-50 57 7.7 

0.0538934 

23.33 

23.04 

22.46 


168 

06 41 

38.71 

-51 04 52.4 

0.05157579 

23.48 

23.19 



169 

06 41 

39.09 

-50 50 52.8 

0.0494872 

23.37 

23.12 



170 

06 41 

39.15 

-51 10 26.1 

0.05545547 

23.46 

23.17 



171 

06 41 

39.34 

-50 53 0.5 

0.05387548 

23.17 

22.88 

22.54 


172 

06 41 

39.47 

-50 58 48.9 

0.07324209 

22.99 

22.66 

22.19 


173 

06 41 

39.55 

-50 47 43.3 

0.05155752 

23.36 

23.03 



174 

06 41 

40.39 

-50 54 39.7 

0.06174584 

23.42 

23.12 



175 

06 41 

40.54 

-51 00 58.8 

0.05422135 

23.43 

23.18 



176 

06 41 

40.59 

-50 59 11.0 

0.05880960 

23.50 

23.22 



177 

06 41 

40.66 

-50 46 33.7 

0.05548850 

23.36 

23.03 



178 

06 41 

41.01 

-50 48 45.8 

0.05676424 

23.42 

23.16 



179 

06 41 

41.45 

-51 03 55.3 

0.05777849 

23.31 

22.98 

22.50 


181 

06 41 

41.67 

-50 55 50.3 

0.05891665 

23.40 

23.07 

22.53 


182 

06 41 

42.16 

-51 03 50.8 

0.06129068 

23.43 

23.12 

22.69 


183 

06 41 

42.21 

-50 57 12.3 

0.10774755 

22.40 

22.00 

21.51 


184 

06 41 

43.02 

-51 02 27.1 

0.05879365 

22.89 

22.59 

22.17 


185 

06 41 

43.11 

-51 01 8.2 

0.04519765 

23.02 

22.82 

22.59 


186 

06 41 

43.19 

-51 04 46.4 

0.06336417 

23.00 

22.69 

22.27 


187 

06 41 

43.51 

-51 04 12.0 

0.05053246 

23.45 

23.18 

22.75 


188 

06 41 

43.56 

-50 52 46.5 

0.06248493 

23.08 

22.77 

22.30 


189 

06 41 

44.16 

-51 04 24.9 

0.06737899 

23.19 

22.90 

22.50 


190 

06 41 

44.58 

-51 03 16.4 

0.05927821 

22.93 

22.65 

22.24 


191 

06 41 

44.66 

-51 09 12.9 

0.05014270 

23.43 

23.15 



192 

06 41 

44.69 

-51 02 44.2 

0.05215024 

23.23 

22.95 

22.51 


193 

06 41 

44.72 

-50 50 13.0 

0.06786510 

23.29 

22.99 

22.62 


194 

06 41 

44.96 

-50 54 5.7 

0.0638021 

23.25 

22.94 

22.52 


195 

06 41 

45.1 

-50 56 11.4 

0.0604508 

23.28 

23.00 

22.45 


196 

06 41 

45.53 

-51 01 35.4 

0.05485589 

23.39 

23.11 

22.66 


197 

06 41 

45.64 

-51 05 21.8 

0.05700529 

23.46 

23.19 

22.58 


198 

06 41 

46.01 

-51 04 22.6 

0.0552781 

23.37 

23.14 

22.65 


199 

06 41 

46.0 

-50 53 0.7 

0.05127621 

23.47 

23.15 

22.72 


200 

06 41 

46.11 

-50 50 8.1 

0.05729547 

22.78 

22.20 

21.40 


201 

06 41 

46.16 

-51 12 35.1 

0.05264742 

23.01 

22.76 

22.41 


202 

06 41 

46.47 

-50 55 10.8 

0.06236390 

23.18 

22.92 

22.52 

V20 

203 

06 41 

46.62 

-50 52 43.8 

0.05846323 

23.16 

22.94 

22.64 


204 

06 41 

46.72 

-50 58 27.3 

0.05327753 

23.47 

23.22 



205 

06 41 

46.83 

-51 05 2.3 

0.05975768 

23.37 

23.04 

22.65 


206 

06 41 

46.94 

-50 58 52.0 

0.05747476 

23.42 

23.15 

22.46 


207 

06 41 

47.16 

-50 53 30.2 

0.06124722 

22.89 

22.59 

22.09 


208 

06 41 

47.17 

-50 59 8.2 

0.05641026 

22.63 

22.37 

21.94 


209 

06 41 

47.38 

-50 51 27.5 

0.05379832 

23.34 

23.05 

22.62 


210 

06 41 

47.4 

-50 49 31.8 

0.06601826 

23.22 

22.95 

22.67 


211 

06 41 

47.49 

-50 54 47.0 

0.03863078 

23.40 

23.09 

22.65 


212 

06 41 

47.55 

-51 00 48.9 

0.05764756 

23.32 

23.04 

22.58 


213 

06 41 

47.69 

-50 54 9.8 

0.06027106 

23.43 

23.12 

22.65 


214 

06 41 

47.72 

-50 52 3.6 

0.04701230 

23.48 

23.22 

22.78 


215 

06 41 

47.8 

-51 01 36.8 

0.05662963 

23.36 

23.10 

22.81 


216 

06 41 

48.37 

-50 50 55.6 

0.05979195 

23.32 

23.03 

22.61 


217 

06 41 

49.31 

-50 57 57.6 

0.05807511 

23.48 

23.16 

22.59 


218 

06 41 

49.96 

-50 46 5.0 

0.06366226 

23.17 

22.94 

22.58 


219 

06 41 

50.43 

-51 04 14.3 

0.06075013 

23.34 

23.08 

22.60 


220 

06 41 

50.66 

-51 00 49.5 

0.05904003 

23.21 

22.90 

22.51 


221 

06 41 

50.79 

-50 58 53.0 

0.05209704 

23.37 

23.08 

22.65 


222 

06 41 

51.04 

-50 54 29.0 

0.05576081 

23.41 

23.11 

22.66 


223 

06 41 

51.06 

—51 04 31.7 

0.06984379 

23.21 

22.91 

22.38 


224 

06 41 

51.68 

-50 57 27.0 

0.05308256 

23.38 

23.07 

22.61 


225 

06 41 

51.7 

-50 57 4.3 

0.07427555 

23.23 

22.89 

22.46 


226 

06 41 

51.89 

-51 04 1.4 

0.05877806 

22.95 

22.68 

22.24 


227 

06 41 

51.94 

-51 02 46.5 

0.04577285 

23.06 

22.85 

22.56 


228 

06 41 

52.29 

-50 58 7.4 

0.05670511 

23.31 

23.10 

22.67 


229 

06 41 

52.74 

-50 56 50.2 

0.05704030 

23.32 

22.98 

22.56 


230 

06 41 

52.78 

-50 59 12.5 

0.05804334 

23.58 

23.28 



231 

06 41 

52.83 

-51 04 8.9 

0.06504728 

23.24 

22.96 

22.56 


232 

06 41 

53.2 

-50 46 30.9 

0.06587775 

23.34 

23.01 

22.59 


233 

06 41 

53.2 

-50 55 15.6 

0.05519357 

22.88 

22.55 

22.08 


234 

06 41 

53.3 

-51 00 22.5 

0.07879928 

23.04 

22.76 

22.34 


235 

06 41 

54.04 

-50 54 35.2 

0.05946258 

23.44 

23.13 

22.60 


236 

06 41 

54.11 

-51 06 11.7 

0.05388561 

23.38 

23.08 

22.61 


237 

06 41 

54.81 

-51 02 44.2 

0.06376287 

23.33 

23.01 

22.57 


238 

06 41 

55.75 

-50 58 28.9 

0.05211579 

23.42 

23.18 



239 

06 41 

56.05 

-50 48 21.0 

0.05420404 

23.49 

23.23 

22.69 


240 

06 41 

56.9 

-50 58 7.1 

0.06098996 

23.24 

22.96 

22.47 


241 

06 41 

56.93 

-51 06 10.7 

0.06707216 

23.29 

22.97 

22.49 
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ID 

a 

S 

Period (d) 



</>* 

M98 

242 

06 41 57.13 

-50 56 11.8 

0.05633799 

22.82 

22.52 

22.11 

V18 

243 

06 41 57.35 

-50 53 3.3 

0.05820235 

23.45 

23.14 

22.69 


244 

06 41 57.71 

-50 54 22.9 

0.03887685 

23.28 

22.98 

22.63 


245 

06 41 58.42 

-51 05 46.3 

0.06735249 

23.27 

22.96 

22.50 


246 

06 41 58.93 

-51 01 35.5 

0.06902505 

23.13 

22.82 

22.33 


247 

06 41 59.06 

-50 56 14.1 

0.07260680 

23.19 

22.89 

22.44 


248 

06 41 59.51 

-50 49 7.0 

0.05233172 

23.48 

23.18 



249 

06 41 59.69 

-50 45 23.6 

0.07625333 

23.09 

22.79 

22.32 


250 

06 42 0.03 

-50 56 43.3 

0.07485741 

23.16 

22.83 

22.44 


251 

06 42 0.05 

-50 55 52.2 

0.06031459 

23.16 

22.90 

22.57 

V17 

252 

06 42 0.42 

-50 57 28.4 

0.05574277 

23.21 

22.96 



253 

06 42 0.61 

-51 01 38.8 

0.05781329 

23.53 

23.23 

22.78 


254 

06 42 0.97 

-50 46 12.8 

0.07540239 

22.73 

22.42 

22.00 


255 

06 42 0.97 

-51 05 20.9 

0.05291626 

23.51 

23.19 



256 

06 42 1.11 

-50 53 31.3 

0.05283800 

23.51 

23.21 

22.74 


257 

06 42 1.31 

-51 01 24.7 

0.05176433 

23.46 

23.19 

22.72 


258 

06 42 1.72 

-51 01 22.7 

0.05421737 

23.26 

23.01 

22.57 


259 

06 42 1.83 

-50 51 52.9 

0.06569699 

23.26 

22.96 

22.53 


260 

06 42 1.88 

-50 55 51.3 

0.05638275 

22.98 

22.68 

22.28 


261 

06 42 1.97 

-50 49 46.9 

0.05943899 

23.30 

23.02 

22.65 


262 

06 42 2.65 

-50 58 7.1 

0.05790880 

23.17 

22.92 

22.38 


263 

06 42 3.21 

-50 53 4.3 

0.06510705 

23.36 

23.01 

22.54 


265 

06 42 3.72 

-50 53 40.1 

0.06100386 

23.34 

23.04 

22.59 


266 

06 42 3.84 

-50 52 55.2 

0.05297954 

23.39 

23.11 

22.62 


267 

06 42 4.06 

-50 55 43.7 

0.05502621 

23.42 

23.11 

22.69 


268 

06 42 4.51 

-50 55 0.6 

0.05722660 

22.88 

22.59 

22.19 


269 

06 42 4.95 

-51 05 9.3 

0.06504377 

23.44 

23.12 

22.63 


270 

06 42 5.03 

-50 58 50.3 

0.05499679 

23.53 

23.23 

22.72 


271 

06 42 5.26 

-50 55 57.4 

0.06152380 

23.18 

22.86 

22.39 


272 

06 42 5.28 

-50 49 2.3 

0.05880554 

23.36 

23.07 

22.59 


273 

06 42 5.55 

-51 02 57.8 

0.05339638 

23.43 

23.15 

22.68 


274 

06 42 5.61 

-50 55 13.2 

0.04986932 

23.47 

23.20 

22.73 


275 

06 42 5.87 

-51 01 40.2 

0.05530886 

23.29 

23.03 

22.60 


276 

06 42 6.14 

-50 56 33.9 

0.05151944 

23.25 

22.95 

22.52 


277 

06 42 6.21 

-50 57 31.3 

0.05929224 

23.47 

23.14 

22.28 


278 

06 42 6.24 

-50 46 9.9 

0.05903120 

23.20 

22.91 

22.48 


279 

06 42 7.06 

-50 59 13.3 

0.0689945 

23.20 

22.91 

22.50 


280 

06 42 7.26 

-51 03 46.8 

0.05790894 

22.71 

22.50 

22.14 


281 

06 42 7.44 

-50 56 20.0 

0.05449367 

22.73 

22.44 

22.08 


282 

06 42 7.78 

-51 12 15.5 

0.0677668 

23.10 

22.79 

22.41 


283 

06 42 8.17 

-51 06 2.3 

0.06326881 

22.71 

22.40 

22.04 


285 

06 42 8.95 

-50 49 49.7 

0.05939892 

23.39 

23.10 

22.63 


286 

06 42 9.02 

-50 47 9.5 

0.06478860 

23.17 

22.91 

22.49 


287 

06 42 9.79 

-50 53 28.6 

0.05328744 

23.40 

23.12 

22.71 


288 

06 42 10.25 

-50 45 42.3 

0.06449873 

23.12 

22.89 

22.54 


289 

06 42 11.36 

-51 03 34.1 

0.06686331 

23.19 

22.92 

22.52 


290 

06 42 11.54 

-50 51 52.4 

0.05631450 

23.51 

23.22 

22.74 


291 

06 42 11.78 

-50 56 14.7 

0.06001563 

23.42 

23.10 

22.67 


292 

06 42 14.39 

-51 01 36.0 

0.06529897 

23.23 

22.94 

22.55 


293 

06 42 14.53 

-50 47 19.1 

0.05494963 

23.39 

23.10 

22.72 


294 

06 42 14.67 

-50 53 6.3 

0.0590915 

23.44 

23.11 

22.70 


296 

06 42 15.21 

-50 58 39.3 

0.05625275 

23.31 

23.03 

22.54 


297 

06 42 15.62 

-50 54 5.5 

0.06991609 

23.10 

22.84 

22.45 


298 

06 42 16.43 

-50 56 0.4 

0.07426899 

23.17 

22.85 

22.36 


299 

06 42 16.57 

-50 51 37.4 

0.05705933 

23.45 

23.15 

22.66 


300 

06 42 17.33 

-50 58 28.8 

0.05419873 

23.28 

23.02 

22.54 


301 

06 42 19.44 

-50 55 29.0 

0.05615369 

22.22 

21.92 

21.51 


302 

06 42 19.48 

-50 43 16.2 

0.05671087 

23.36 

23.07 

22.53 


303 

06 42 19.67 

-50 55 20.4 

0.06518118 

23.25 

22.93 

22.51 


304 

06 42 21.2 

-50 56 2.3 

0.05414244 

22.58 

22.30 

21.90 


305 

06 42 21.73 

-50 52 15.0 

0.05867896 

23.16 

22.89 

22.43 


306 

06 42 23.36 

-51 03 23.8 

0.05754752 

23.41 

23.07 

22.66 


307 

06 42 23.53 

-50 49 2.5 

0.04933231 

23.32 

23.13 

22.58 


308 

06 42 25.71 

-50 44 37.8 

0.05746768 

23.19 

22.97 

22.66 


309 

06 42 26.22 

-50 54 41.8 

0.05833121 

23.34 

23.08 

22.71 


310 

06 42 30.21 

-50 47 40.6 

0.06787074 

23.12 

22.86 

22.43 


311 

06 42 30.6 

-50 46 30.4 

0.05826303 

23.25 

23.03 

22.64 


312 

06 42 31.28 

-50 56 12.1 

0.07580626 

23.19 

22.88 

22.38 


313 

06 42 31.83 

-50 50 52.6 

0.08140471 

23.04 

22.75 

22.29 


314 

06 42 33.17 

-50 56 37.5 

0.05044822 

23.47 

23.23 

22.70 


315 

06 42 34.36 

-50 50 10.9 

0.05782427 

23.46 

23.15 

22.70 


316 

06 42 34.52 

-50 52 56.2 

0.05146992 

23.19 

22.90 

22.55 


317 

06 42 39.61 

-50 51 12.4 

0.05268487 

23.33 

23.03 

22.62 


318 

06 42 40.33 

-50 55 6.3 

0.05775708 

23.50 

23.21 

22.72 


319 

06 42 40.36 

-50 54 56.0 

0.05554502 

23.18 

22.77 

22.23 


320 

06 42 41.59 

-50 57 42.3 

0.06197303 

22.93 

22.62 

22.19 


321 

06 42 43.39 

-50 46 50.0 

0.06700168 

23.15 

22.88 

22.48 
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ID 

a 

S 

Period (d) 

(Bf 


{If 

M98 

322 

06 42 44.68 

-50 55 24.5 

0.04944784 

23.42 

23.16 

22.69 


323 

06 42 45.69 

-51 02 22.9 

0.06264889 

23.34 

23.02 

22.58 


324 

06 42 46.56 

-50 56 22.7 

0.05710797 

23.27 

23.01 

22.59 


325 

06 42 46.79 

-50 34 23.2 

0.05855386 

23.55 

23.22 



326 

06 42 49.08 

-50 44 54.3 

0.06133020 

22.88 

22.59 

22.17 


327 

06 42 54.51 

-50 48 8.1 

0.06121390 

22.92 

22.64 

22.27 


328 

06 42 54.6 

-50 59 11.1 

0.05483696 

22.96 

22.68 

22.26 


329 

06 42 55.87 

-50 59 7.1 

0.05684852 

23.38 

23.10 

22.58 


330 

06 43 4.94 

-50 56 3.9 

0.06522519 

23.12 

22.79 

22.33 


331 

06 43 10.89 

-51 03 42.2 

0.05529448 

23.39 

23.07 

22.67 


332 

06 43 18.68 

-50 48 19.4 

0.05442560 

23.07 

22.80 

22.42 


333 

06 43 22.28 

-50 54 17.1 

0.06204207 

23.32 

23.06 

22.52 


334 

06 43 27.85 

-50 45 51.3 

0.05501861 

23.30 

23.04 

22.63 


335 

06 43 38.45 

-50 58 11.4 

0.06575684 

23.38 

23.02 



336 

06 43 40.55 

-51 02 28.6 

0.05646906 

23.45 

23.18 



337 

06 43 51.08 

-50 50 27.7 

0.05884652 

23.46 

23.16 



338 

06 44 43.03 

-50 47 50.2 

0.05083201 

23.42 

23.19 




06 41 02.39 

-51 01 53.3 

0.06397398 

23.32 

23.02 

22.54 

VI 


06 41 09.57 

-51 01 20.6 

0.04791289 

23.46 

23.15 

22.73 

V2 


06 41 04.12 

-51 01 14.7 

0.07691745 

23.19 

22.88 

22.40 

V3 


06 40 57.75 

-51 00 11.4 

0.06608899 

23.11 

22.83 

22.40 

V6 


06 41 02.86 

-50 59 40.4 

0.05093715 

23.42 

23.13 

22.74 

V7 


06 40 56.40 

-50 59 39.8 

0.05575196 

23.50 

23.14 

22.79 

V8 


06 41 02.22 

-50 58 54.7 

0.07171579 

23.09 

22.77 

22.36 

Vll 


06 41 56.74 

-50 56 13.7 

0.05907561 

23.08 

22.78 

22.35 

V18 


06 41 55.20 

-50 56 15.4 

0.06491275 

22.86 

22.58 

22.17 

V19 









On hydrogen and helium burning variables 


31 


APPENDIX 

NOTES ON INDIVIDUAL VARIABLES 

Vll, V26, V74: Classified as a first-overtone pulsators by S86, according to the current photometry they seem to be double¬ 
mode pulsators. 

V17; Classified as suspected variable in S86 and NV by D03, according to the current photometry appears to be an EB with 
period 0.3933393 days. 

V22: Classified as first-overtone pulsator by S86 and D03. According to the current photometry it seems to pulsate in the 
fundamental mode with period of days. 

V25, V31: Classified as first-overtone pulsator by S86. According to the current photometry it seems to pulsate in the funda¬ 
mental mode with period of days and they also show Blazhko effect. 

V27, V29, V33, V129 and V149; Classified as fundamental mode pulsators by S86. According to the current photometry they 
appear to be anomalous cepheids. 

V40 and V115: Classified as uncertain variables by S86, according to our current set of data, they appear pulsate as first- 
overtone and anomalous cepheid, respectively. 

V41 and V87; Classified as suspected variables by S86, according to our current set of data, they appear to be anomalous 
cepheids. 

V61, V77, V126, V127: Classified as fundamental mode pulsators by S86. According to the current photometry they also 
show Blazhko effect. 

V89; Classified as fundamental mode pulsator by S86. According to the current photometry it seems to be a double-mode 
pulsator. 

V138 and V141; Classified as suspected variables by S86, according to our current set of data, they appear to be fundamental¬ 
mode pulsators. 

V142 and V151: Classified as suspected variables by S86, according to our current set of data, they appear to be first overtone 
pulsators. 

V176: Classified as a first-overtone pulsators by D03 with period of ~ 0.4, respectively. According to the current photometry 
it seems to pulsate in the fundamental mode with period of 0.764565 days. 

V40, V65, V73, V84, V85, V123, V136, V138, V149, V177, V183, V186, V188, V195, V199, V201, V208, V211, V227, 
V228, V229, V230; The /-band light curves are poorly sampled in the pulsation across maximum light. 

V31, V61, V76, V77, V126, V127, V206; Classified as fundamental pulsators by D03, according to the current photometry 
they seem to pulsate in the fundamental mode and they also show Blazhko effect. 

V74; Classified as first overtone pulsator by D03, according to the current photometry they seem to pulsate in the double mode. 

V85, V90, V181, V186, V196, V226; The light curves are noisy. 

V148; This RR^ is ~0.3 mag brighter than the typical luminosity of HB stars. 

V158, V182; We confirm the peculiar nature of the RRLs (see also Paper VI). 

V161: Classified as suspected variable in D03, according to the current photometry it does not show variability. 

V170 and V171: Not enough data to fit a light curves, uncertain parameters. 

V176, V179, V196, V182, V200, V223; These RRLs have very small luminosity amplitudes for an ab-type RRL. 

V181: This variable has very small luminosity amplitude for an c-type RRL. Possible blend with nearby faint star. 

V193, V205, V216 , V217, V219; These variables have very small amplitudes for an AC-type variable. Possible blends with 
nearby faint stars. 

V3, V25, V44, V58 and V133: These stars were classified as new discovered variables in Paper VI with the identification 
numbers: V215, V2I3, V2I2, V211 and V209, respectively. 

V4, V32, V41 and V165: These stars were classified in D03 and Paper VI as VI77, V202, V180 and VI65, respectively. 

V218, V227, V228, V229, V230: Poorly sampled light curves, pulsational parameters are uncertain. 

RRL-1, RRL-2, RRL-3, RRL-4, RRL-5, RRL-38, AC-1, AC-9, AC-10: These stars are the six RRLs (three RR^, three RR^*) 
and the three ACs recently detected by VM13 outside the tidal radius of Carina. 
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Fig. 3. — BVI light curves for selected Carina variables. We selected one RRah (V7, left panel), one RR^ (V40, middle panel) and one AC (V14, right panel). 
Red, green, blue and yellow filled circles display different data sets: MOSAIC2@CTIO, WFI@MPI/ESO, Tek2K-I@CTIO and FORSl@ESO/VLT. Black lines 
are the fits of the light curves. For the /-band they ai‘e the template light cuiwes obtained by properly scaling the V-band light cuiwe according to the procedure 
described in Section[2] The BVI plus the U -band light curves for the the entire sample of variables are given in the electronic edition of the journal. 
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Same as Figure[2 but for the BVI light cuiwes of the nine RR^/ stars in our sample. 
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Fig.|4] — (Continued). 
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Fig. 5.— From top to bottom Bailey diagram in B- (top) V- (middle) and /-band (bottom) for Carina RRLs (left) and ACs (right). The dashed lin es plotted in the 
middle left panel display Ool and OoII relations f or fundamental pulsat ors in Galactic globular clusters according to lClement & SheltonI 1199911 while the black 
so lid line the relation f or Ool cluster according to ICacciari et all 120051) . The blue solid line shows the relation for OoII first overtone cluster variables provided 
bv IKunder et all 420131) . Symbols are the same as in Figure [T] Note that double-mode variables have been plotted using periods and amplitudes of both primary 
(first overtone, filled orange triangles) and secondary (fundamental, empty orange triangles) components. 
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Fig. 6.— Same as left panels of Figure[5] but the comparison is between observations and predicted luminosity amplitude provided by M2015. The solid lines 
display predicted amplitude for F and FO models constructed by assuming a stellar mass of M=0.80 M© a metal poor chemical composition (Z=0.0001, Y=0.245) 
and Zero-Age-Horizontal-Branch luminosity level (log(LL0)=1.76). The black dotted lines display the same predictions, but for models constructed by assuming 
a brighter luminosity level (log(L/L0)=1.86). The purple lines display the same pulsation predictions, but for pulsation models constructed by assuming a less 
metal-poor chemical composition (Z=0.0003, Y=0.245). 
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Fig. 7.— Top - Comparison in the Petersen diagram between Galactic (halo, bulge, globular clusters) and Carina (orange triangles) RR^ valuables. Pulsation 
predictions (M2015) for different chemical compositions (see labeled values) are plotted with different lines. The stellar mass of the pulsation models for the 
most metal-poor chemical composition are also labeled. Bottom - same as the top, but the comparison is with RR^ variables in nearby dwarf spheroidals and 
irregulars. The RRci of the Galactic bulge are also plotted. 
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Fig. 8. — Correlation between fundamental and first overtone periods. Observed RR^ variables have been plotted using the same symbols of Figure]?] The red 
line shows the fit to the observed data, the black line the fit to the pulsation models and the green line the classical relation. Red triangles and blue dots display 
metal-poor and metal-rich pulsation models. 
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Fig. 9.— Observed optical PW relations. From top to bottom the different panels display the BV, the BI, the VI and the BVl relations. First overtone pulsators 
were fundamentalized. The symbols are the same as in Fig.[n The solid lines display the fit, while the dotted lines the Icr difference. The standard deviations 
(rms), the coefficient of the logarithmic period and their errors are also labeled. The two empty circles were not included in the estimate of the PW relations. 
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Fig. 10.— Same as the top panel of Figuref^ but with the the five field RRLs (light blue circles) for which trigonometric parallaxes have been estimated using 
FGS at HST. The vertical error bars take account of the photometric error and of the uncertainty in distance. The object with the smallest error bar is RR Lyr 
itself. The tme distance modulus based on the empirical slope and on the calibrating RRL is labeled. 
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Fig. 11. — Top - Predicted PW (5V) relation (black line). The true distance modulus, the standai'd error of the mean and the standard deviations are labeled. 
Note that this PW relation is independent of the metal content. Middle - Same as the top, but for the PW {BI) relation. The true distance modulus was estimated 
using the labeled value of iron abundance. Bottom - Same as the middle, but for the PW {VI) relation. 
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Fig. 12.— An example of BVI light cui'ves for selected Carina SX Phe vaiiables. Colors are the same of Figure[3] The BVI light curves for the the entire sample 
of SX Phe variables are given in a forthcoming paper. 
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Fig. 13.— Position of SX Phe in V, {B — V ) CM P. Re d circles and blue crosses display the VM13 and the new discovered variables, respectively, their positions, 
periods and magnitudes are given in Tables Fol and l 121 



